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25 mag. 


The counts of extragalactic nebulae on plates 
‘ken with the Carnegie 20-inch astrograph of 
le Lick Observatory have been published for 
vo of the nine areas into which the sky ob- 
rvable from Mount Hamilton has been divided 
hane and Wirtanen 1954, Paper I; Shane 1956, 
per II). The present paper, number III in the 
ries, gives the results for four additional areas. 
ble I shows the present status of the work. 


TABLE I. STATUS OF COUNTS 


Limits of a Limits of 6 Remarks 
ob, 65 —20°, +20° This paper, Table V 
65, 12h —20°,+20° This paper, Table VI 
12h, 18h peeOwet 20) 245 J 59, 285, 1954 
L. O. Bull., No. 528 
185, 24h —20°, +20° This paper, Table 1V 
OV orem 20. 1-00". 4. J., Of, 202, 1956; 
LO. Bull., No. 543 
65, 12h +20°,+60° Counted 
r2h, 18h +20°,+60° ‘This paper, Table VII 
18h, 24h +20°, +60° Counted 
>-+60° Counted 


he uncorrected counts by square degrees for 
eas I, II, IV and VII are published in this 
per as Tables IV to VII inclusive. Plates in 
ch 5° zone of declination are tabulated as 
Darate groups. The first line above each block 
the 36 counts on a single plate gives the plate 
mber and the right ascension of the plate 
ater. The next line gives the initial of the 
server who counted the plate, S for Shane and 
for Wirtanen, followed by a small letter desig- 
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Abstract. Counts of extragalactic nebulae are tabulated for four of the nine areas comprising the program. Contour 
ps showing the distribution are given..The results of the counts for these four areas, plus those for two others previ- 
sly published, are used to derive a preliminary mean value of the galactic extinction toward the poles. Thejamount 
Iculated from these new data is 0.46 mag., which is substantially larger than Hubble’s generally accepted value‘of 


nating the plate emulsion, and finally the com- 
plete plate factor. A detailed description of the 
method used in making and reducing the counts 
is given in Paper I. 

The reduced counts were obtained by multi- 
plying each of the tabulated values, first by a 
field correction factor taken from Table II : 
second by an extinction factor whose logarithm 
equals 0.18 (sec z—1), and finally by the com- 
plete plate factor for the given plate. It is not 
worthwhile to list here the provisional values of 
the emulsion and personal factors used in calcu- 
lating the complete plate factors, since these will 
be recomputed later on the basis of all nine areas. 

The reduced counts were averaged by fours 
and used to draw the contour maps, Figures 1 
to 4, which show the distribution of the extra- 
galactic nebulae. 

The discussion of the material in this paper is 
limited to a preliminary determination of the 
galactic extinction, and is based on these nebular 
counts in their present degree of completeness. 

In his classic paper on ‘The Distribution of 
the Extragalactic Nebulae,” Hubble (1934) fitted 


his counts to the equation 
log N=A+ Bescb, (1) 


where N is the number of nebulae per square 
degree, b is the galactic latitude taken with a 
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TABLE II. FIELD CORRECTIONS 
Area I 
ung 1.04 1.03 1.07 1.16 1.34 
1.01 0.96 0.98 1.02 1.06 1.20 
0.96 0.95 0.98 1.02 1.06 Met 
0.96 0.95 0.98 1.02. 1.06 1.15 
1.01 0.96 0.98 1.02 1.06 1.20 
Die 1.04 1.03 1.07 Liat 0) 1.34 
Area I] 
Tel, 1.07 1.05 1.08 119 1.38 
1.04 0.97 0.98 1.02 1.07 Le28 
0.98 0.95 0.98 1.02 1.05 1.16 
0.98 0.95 0.98 1.02 1.05 1.16 
1.04 0.97 0.98 1.02 1.07 1.23 
ety 1.07 1.05 1.08 1 deh (Ce 1.38 
Area I\ 
1.12 1.04 1.02 1.06 1.15 Tags 
1.00 0.95 0.98 1.02 1.06 19 
0.95 0.95 0.98 1.02 1.05 iy. 13) 
0.95 0.95 0.98 1.02 1.05 Lists 
1.00 0.95 0.98 1.02 1.06 L.19 
Teele 1.04 1.02 1.06 1.15 he33 
Area VII 
Tel 5 1.06 1.04 1.08 Lkg, Lesie 
1.02 0.97 0.98 1.02 1.07 1.21 
0.97 0.95 0.98 1.02 1.05 1.15 
0.97 0.95 0.98 1.02 1.05 1.15 
1.02 0.97 0.98 1.02 1.07 sa 
1.15 1.06 1.04 1.08 1.17 Mae 7 


positive sign, and A and B are constants deter- 
mined empirically. This equation is based theo- 
retically on an assumed large scale distribution 
_ of obscuring matter arranged symmetrically on 
either side of the galactic plane in uniform layers 
of infinite extent. Such a distribution of obscuring 
matter obviously does not closely approximate 
the real situation. Equation (1) is therefore to 
be regarded as an interpolation formula whose 
usefulness depends on the degree to which it fits 
the observations. When Hubble applied it to his 
data, the fit was good and yielded a value for B 
of —0.15, with no significant difference between 
separate determinations from the data north and 
south of the galactic plane. If Hubble’s assump- 
tions that for this purpose it is sufficiently accu- 
rate to neglect redshift effects, and that the 
nebulae are uniformly distributed in depth, then 
his analysis gave an extinction coefficient of 
—B 
0.60 
of the absorbing layer. This value has been 
widely used since the publication of Hubble’s 
paper. The divisor 0.60 comes from the equation 


, or 0.25 mag. for the optical half-thickness 


A log N = 0.60 Am, (2) 


where A log N is the change in log N correspond- 
ing to a change Am in limiting magnitude. In a 
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subsequent paper Hubble (1936) found empij 
cally that the factor should be 0.50 rather thi 
0.60. On this basis the extinction coefficie 
should have been increased to 0.30 mag. 
In view of the empirical nature of equation ( 
there is no assurance that A and B are ind 
pendent of galactic longitude. Hubble’s coun 
were not extensive enough to investigate in det 
a possible dependence, although he briefly cor 
mented on this possibility. The much m 
complete counts of the current study shot 
permit separate determinations of A and By 
different longitude intervals. Values of B f 
certain 20° longitude intervals were publish 
in Papers I and II of this series. With the é 
ception of a very poorly determined value | 
= +0.05, they range from —0.13 to —0, 
with an unweighted mean of —0.37. This-vali 
is more than twice that derived by Hubble, b 
it is strongly affected by several large valu 
from areas near the longitude of the centr 
galactic bulge. Nevertheless, it seems probal 
that Hubble’s value of B should be revis 
upward. 
To determine B for a given longitude intery 
with sufficient accuracy, the counts should co 
a large range of latitude. This requirement ca 
not generally be fulfilled with the material ava 
able to date, since the full latitude range usual 
extends into two or more of our nine areas. / 
shown below, counts of the different areas exter 
to somewhat different limiting magnitudes th 
are not well determined. At present, therefor 
it is impossible to combine counts in the differe: 
areas in a solution for B. In this paper éac 
determination must be limited to data from 
particular area, but a more definitive reductic 
will be made from all areas when the counts ha 
been completed and reduced to a common — 
ing magnitude. 
The data used in the solutions were the mee 
values of the corrected counts for each plate v 
its center in the area for which the solution w 
made. In forming the means, the four, corn 
square degrees were given weight 1/4, and f 
sixteen along the edges weight 1/2, as compare 
with unity for the sixteen central square sv 


This weighting was used because, to a fair app 
imation, the corner square degrees are cou 
on four plates and the other edge square degre 
on two. Thus the overweighting of certain 4 


~ degrees due to the overlaps is largely avoi 


The plate factor, an average field factor, : ir 
the zenith extinction corrections were applit 


| the counts, and the log of the mean JW for 
ich plate together with the cosecant of the 
actic latitude of the plate center were substi- 
ited in equation (1). Least squares solutions 
t the six areas thus far reduced were made 
om these observation equations. 

Two sets of solutions were carried out. In the 
‘st set only plates with |b] > 39° were used. 
the second set all plates with mean N > 10 
ire included. The first set of solutions avoids 
me strong absorbing clouds in low latitude, 
it it has small weight for the determination of 
| because of the restricted range in sec 6. With 
Is small range of sec 6, the large-scale irregu- 
‘ities in the distribution of the extragalactic 
bulae, as well as possible obscuring areas in 
th latitudes, may seriously affect the derived 
lue of B. On the other hand, A + B, which 
presents the logarithm of the number of nebu- 
extrapolated to the pole, should be fairly 
curate. 

In the second set of solutions, conspicuous 
sal clouds of obscuration in low latitudes should 
ive a disturbing effect on some of the results, 
it to omit the regions of their occurrence would 
ad to introduce bias. These second-set solu- 
ns seem, on the whole, to be considerably more 
‘curate for determining the galactic extinction, 
| and to be equally reliable with the first set 
determining A + B. 


‘The limiting photographic magnitude based 
| Hubble’s scale was derived by comparing our 
junts with Hubble’s as explained in Paper I of 
is series. It is known that this scale has sub- 
intial errors, but there is no evidence suggesting 
at it is not consistent over the sky. On the 
her hand, our areas were in general counted in 
quence, though not in the order of their num- 
red designations. It is therefore reasonable 
expect the counts in them to have different 
aiting magnitudes due to changing personal 
uations. 


w 


Area Lim. mag. B 
Is 18.24 —0.44 
IIn 18.02 =0.24 
Ill n 18.30 —0.32 
IVs 18.04 —0.04 
Vs 18.23 
Vil n 18.30 —0.05 
Mean, N lat. — —0.20 
Mean, S lat. — —0.24 
Mean, all lat. 18.19 —0.22 
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The values of B and A + B for the six areas 
together with the limiting magnitudes are con- 
tained in Table III. The letter ‘‘n” or ‘‘s’” in the 
first column indicates that the area is predomi- 
nantly north or south of the galactic equator. 
The values ‘(A + B) corr.” in the fifth and 
eighth columns are derived from their imme- 
diately preceding columns by reduction to the 
mean limiting photographic magnitude of 18.19. 
The other columns are self-explanatory. 

The large range in B calculated from latitudes 
above 39° is evidence of the low weight of these 
determinations. The average weight of the five 
values, as computed formally in the course of the 
least squares solutions, is 2, which may be com- 
pared with 31 as the average weight for the B’s 
in the sixth column. These formal weights do 
not, however, give a correct impression of the 
accuracy. There are large scale irregularities in 
the apparent distribution of the nebulae that can 
strongly affect B as calculated over a limited 
portion of the sky. Perhaps the most striking 
instance in high latitudes is a region of low counts 
around the north galactic pole and extending 
toward lower latitudes in the direction of longi- 
tude 90°. The Coma cluster of nebulae lies in 
this relatively sparse area. Other regions of low 
as well as of abnormally high counts are readily 
found on the charts. 

The values of B in the sixth column, deter- 
mined for all latitudes higher than the NV = 10 
contour, are more consistent, although the range 
is still large. An area such as III, which includes 
the galactic bulge, would be expected to yield a 
high value. 

It is interesting to note that the mean B’s for 
north and south latitudes are nearly the same. 
The small excess for north latitudes is easily 
accounted for by the inclusion of Area III with 
no compensating area in south latitudes near the 
galactic bulge. There is thus no evidence from 
the galactic extinction coefficients that the sun 


TABLE III. VALUES B AND A + B 


|b| > 30° |b| > 0° 

(A_+ B) (A_+B) 

A+B Corr. B A+B orr. 
1.82 1.79 —0.25 1.77 1.74 
1.81 1.90 —0.21 rer7 1.86 
1.88 1.82 —0.42 1.88 1.82 
TO2 1.70 —0.26 107 Es75 
=On54: 1.81 1.79 

70 1.65 —0.19 1.74 1.68 
1.80 1.79 —0.27 1.80 1.79 
iy (73 1.74 =O. 22 1.75 1576 
177) Deas, —0.24 E77. Ba7 7 
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TABLE IV. AREA IV, UNCORRECTED COUNTS OF NEBULAE PER SQUARE DEGREE 
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0-670" OF One Oa” OF Oona 6 O Or 0:0) theo 5 oa 
0 020? ial aero BGR a: OO. ee ig ee Mt A ook 4 ee 
: 0 46-0. O 20050 Com vhoroy (0 0 1 a0hc OROLAGaEO 80 Od 
eee) 0 6 0 0 2 0 Opry ds Op.0ied S05 tee HOLae bo aes 
0-0 (0 00" 0 0 6 670 0 6 7a Na as ae ake | 3 0 0 
O 10.0. Wor Horne Ghd, Leese os rea ae Gass ys re ee) 
889 19" 20™ 522 19% 40™ 1683 20° oo™ 528 20" 20™ 925 
Sb 1.000 Sa 1.320 Wi 0. 567 Sian ac eatte Sb 
Zieh Peony tg 9°32 Br ge ete 5010! 6: \ 1 ors 313 9 9 712 417 12 
Te mee aS §itg fgg aang 25.15. 9 9 16 12 14 11 20 16 9 10 10 31 25 
Ge. 13s HGP MA LAS + Bei Soba es 20 9 9 71210, 2732 141721 6 10 14 16 
Pyar eee ie eek ee 6 as aunts 16 32 2310 7 9 21 22 27 21 15 11 4 22 19 
5 ecg) us noe ag Ue Bee 30 40 16 19 20 14 “18 16 68 14 14 8 Geant 
pO cme ee eer ea a Wee ee) 17-15 8 23° 10-19 813 918 7 3 14 15 11 
561 21" o0™ 564 21" 20™ 1021 21% 40™ 1408 22" oo™ 673 
Sa _ 1.000 Wa 0.716 Sd 1.113 We 0.669 Sb 
7 5 12 2313 7 23 19 16 17 14 12 45 37 40 40 27 25 54 45 58 71 54 43 48 49 43 
7 815 18 30 12 21 41 25 10 16 15 33 32 46 29 21 22 49 59 39 69 75 35 45 41 52 
12 11 11 14 22 8 51 65 27 31 34 25 52 40 38 28 25 32 70 61 67 82 77 84 52 57 34 
31-19 14 45.15 -9 28 29 43 47 19 43 35 58 56 37 26 30 61 59.80120 90 74 45 34 24 
24°30 29 23 15 9 31 46 39 38 27 29 46 61 48 54 41 31 43 77115 73 58 76 26 32 32 
6 919 20 7 12 35 44 41 48 35 28 31 32 31 30 40 25 68 61107 93 39 60 43 40 24 
658 22 4o™ 1764 23" 99™ 562 23" 20™ 565 23" 40™ 977 
Wb 0.976 Wi 0.778 Wa 1.065 Wa 0.701 wd 
40 43 56 44 40 32 12 29 34 12 27 20 20 10 7 15 12 13 43 36 26 26 50 20 13 26 27 
51 44 38 32 22 23 28 27 18 17 12 38 23 27 13 28 23 25 48 28 23 25 27 25 26 24 40 
41 38 16 36 36 29 38 27 30 16 23 44 22 23 22 16 28 13 39 56 42 27 34 28 40 20 26 
41 31 27 23 38 27 32 72 27 19 20 50 37 19 24 33 31 20 50 51 34 37 20 46 27 37 21 
20 36 27 33 32 24 56 45 36 24 30 22 34 28 15°37 31 41 41 42 38 29 26 29 18 30 28 
15 29 18 30 32 23 21 35 20 17 16 12 15 25 37 36 31 21 36 31 40 52 46 32 26 22 26 
505 18" 00™ 531 18" 20™ 560). 1640" 875 
Sa 0.957 Wa 0.734 Wa 0.734 Wb 
6006 6.0 SG, Dee 399 QO. 3-5) oret 0. Gem 
0.0616) 20 o0 26 Os.02 0 Colao i, LG sORkOn ata go o- phe 
he 0:0. 0° 0 0 0 G2bibe Gime ak 0. 01600 0. nie EO 2 0 0 
Or 1G <00 0 aN co 1 OPO Ce eee) OO 00.58 AO 6 Ge 
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Bea vie ie ae cy 3.3 1° 2 8 6 go 6. Sr 8 24 10 11 33 12 11 6 10 13 
ae oe ee ae 5) DarseuegkOne dL og 1852" 6008 61411 9 717 248 9 
3 3 1) 2 48 Gri pase ata Nase? enor 14 27 27 16 19 20 6 21 19 
396 21" oo™ - 559; 21" 20™ 1316 21" 4o™ 1702 22" oo™ 1287 
Shi. 0 4336 Sa 1,105 Wi 0.628 Si =1et54 Wt 
13.995 9.6 4 18 10 18 25 17 13 15 46 41.22 31 43 46 88 51 42 72 58 50 68 58 
7 22 21 37 5 10 31 31 20 23 8 7 78 62 32 33 26 72 52 55 39 45 40 60 29 20 51 
5 22 33 60.20 5 -i14 11021 15% 3 57 67 43 71 32 23 23 18 44 54 49 57 48 28 42 
13 16 1617.17 4 16 141414 911 135 56 47 30 27 24 25 23 47 51 56 94 46 29 22 
2 10 16 20 11 15 25 22 15 13 10 8 83 39 67 79 33 57 43 36 39 35 41 36 43 40 42 
9 6 13 1617 3 18 15 10 12 8 8 59 52 58 60 43 41 21 16 28 30 24 23 49 54 59 
1282 22" 4o™ 927 23" oo™ 960 23" 20™ 1776 23" 49™ 979 
Sf 0.727 Wb 1.173 Wd 0.634 Wi 0. 722 Wd 
21 23 20 29 42 19 56 46 30 26 20 19 25 57 68 32 42 54 28 37 31 37 34 26 24 23 25 
31 27 24 30 48 15 48 36 49 29 35 17 38 73 54 37 45 59 53 39 24 35 25 48 25 14 35 
37 26 34 33 37 33 41 18 21 16 28 14 41 53 32 24 36 37 45 56 29 38 37 50 16 15 20 
38 35 27 24 74 47 24 31 23 34 26 24 34 31 4-30 20 24 60 64 51 76 49 35 18 28 34 
55 51 64 63 79 39 18 28 23 35 36 30 37 31 44 30 21 36 45 45 30 49 44 36 34 27 37 
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TABLE IV. (continued) 
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GO omar oe 41 1c29) ago EN EO 0:00.18: 0.0 GS oso e656 149 417 5 5] 
6°00 0 4 i 1) aOyeO, tore re ORR abe Laat tae 5. Oe 406 ses 7 6 918 6 fms 
¢f07 6020, 2 1°31 0 6.0 20 6 4 0 (6° °0- 0 BB. 1 6 2 1 10°75 6 21g 
1.0010. 6-32 0: 46-be1/ so meae O:A0™ 80 LU eel ae ee ee 511 2 4 4a 
948 21" o9™ 953-21" 20™ 976 21" 40™ 1023#, 22" oo™ 1030 22" 29™ 
Se. #495 Sc 0.965 Sd 1.440 Sd 2.053 Wd 0,960 
14711 9 1817 24 30 15 43 19 15 43 56 23 27 18 15 14.6 9 41 “871g 43 26 28 16 16 23 
12 13 19 17 20 20 24 15 18 13 14 18 34 39 27 19 24 20 812 6 712 8 34 24 20 12 14 27 
91210 810 4 34 14 19 21 19 22 42 27 25 17 18 16 8 22 10 10 10 11 53 26 24 25 21 28 
99% <8 9,15 19 17 14 15 20 11 12 16 12 16 7 9 14 416 7 8 96 42 29 17 24 22 13 
13 25 16 15 15 11 12 31 15 25.19 9 20 18 16 816 4 18 2014 14 6 3 32 36 40 32 29 27. 
17 271719 15 8 21 19 41 23 24 19 13 16 12 12 12 12 15 22 13 910 2 27 31 35 29 26 30. 
679 227 4o™ 2009 23 oo™ 957 23" 29™ 968 23" 49™ 701 0" oo™ 
Sb 0.774 Wk 1.050 Wd 0.893 Wd 0.964 Sb 0.877 13 
27 25 27 41 38 28 38 28 36 28 25 15 55 41 27 38 33 18 14 19 40 22 66 58 20 10 29 23 16 9 
30 35 23 33 27 22 22 29 21 33 33 30 46 37 31 37 18 25 26 19 29 32 69 45 30 37 37 39 29 32 
70 45 45 47 36 43 26 17 40 35 34 30 41 36 66 30 29 15 19 16 19 53 94 27 54 36 34 50 38 40 
52 57 52 27 55 40 16 17 82 36 46 35 45 65 63 74 31 16 32 21 35 35 41 35 54 49 52 60 47 51 
50 66 40 59 65 32 26 37 27 62 29 27 30 35 62 78 83 22 46 34 41 24 50 25 54 33 38 34 32 49. 
54 61 58 37 62 22 24 25 64 41 23 13 38 33 96 42 31 26 46 55 30 29 30 27 42 27 55 46 32 50 


is unsymmetrically placed with reference to the 
distribution of obscuring matter north and south 
‘of the galactic plane. 
' The quantity A + B represents the log num- 
ber of extragalactic nebulae per square degree 
reduced to the pole, with the corrected values in 
the last column of Table III in reasonable agree- 
ment for the two poles. The observed excess for 
the north as compared with the south pole is too 
small to be very significant. It is well known 
that for the brighter extragalactic: nebulae the 
north polar cap is more densely populated than 
the south polar cap. According to Shapley (1957), 
however, the surface densities of nebulae between 
19th and 20th magnitude at the two poles are 
about equal. Hubble’s counts, which were ex- 
trapolated by him to magnitude 20, and which 
actually extended on the average only to approxi- 
mate magnitude 18.9, indicate an excess of gal- 
axies in the south polar cap of about 7 per cent. 
The evidence at hand gives no significant indi- 
cation of any difference between the densities of 
the fainter nebulae in the two hemispheres. 

One further point should be mentioned. In 
calculating the effect of atmospheric extinction 
on log NV, we assumed that a difference of 1.0 in 


limiting magnitude corresponds to 0.60 in log N 
Hubble likewise made this assumption, which 
neglects the effect of redshift. Hubble’s empirical 
determination of the relation between limiting 
magnitude and log WN yielded a coefficient of 0.50 
instead of 0.60. With this smaller value we cal- 
culated corrections to B and A + Bin Table IL. 
In no instance did the change in Bor A+B 
exceed 0.01. The effect of using 0.60 instead of 
0.50, or some more probable intermediate value, 
may therefore be neglected in correcting for the 
effect of atmospheric extinction. 

The mean galactic extinction at the two poles 
is found by dividing B by a factor that depends 
on the allowance for redshift as based on limiting 
magnitude. In the present instance the observed 
limiting magnitude of the plates for nebulae aver- 
aged 18.2, but reduction to the zenith decreased 
the average by about 0.1 mag., and reduction to 
the galactic poles by another 0.2 mag. In the 
average we should thus use a redshift corre- 
sponding to 17.9 mag., or a value of dA/A= 
0.077. The corresponding quantity by which we 
divide B is 0.52. The limiting magnitude 17.9 is 
affected by redshift. If there were no redshift, 
a nebula of this apparent brightness would have 
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TABLE V. AREA I, UNCORRECTED COUNTS OF NEBULAE PER SQUARE DEGREE 
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TABLE V. (continued) > 


1086 0" oo™ 964 of 20™ 1470 0" 40™ 2059 15 oo™ 
We 0.823 Sd 1.276 Sg 0.885 S1 1.408 
59 36 57 76 49 53 57 33 27 19 41 34 106 92 73 56102 81 22 25 48 37 33 4 
42 40 47 49 64 39 27 32 34 25 29 16 120 41 66 53 65 50 19 25 30 26 41 
5 26 26 39 50 85 23 33 42 30 27 36 14 88 59 90146 40 44 27 32 26 35 71 
5-18 52 44 57 47 78 92 32 34 33 36 36 37 73 47 71 65 40 42 36 37 34 33115 
60 38 57 51 56 78 34 40 24 22 40 42 50 64 50 53 62 48 28 31 40 45 50 
35 43 38 35 27 40 36 31 20 28 33 33 51 33 52 46 56 35 19 34 54 56 45 
1765 1" 20™ 1779 1" 40™ 969 2" oo™ 2027. 2" 20™ 2034 2” 49! 
Wi 0.913 Sj 0. 787 Wd 1.215 Sl 1.242 Wl ~ 4.18% 
40 54 76 73 19 21 100 88 73 80 41 41 47 62 36 80107 59 717 19 20 36 36 25 12 20 33 25 
48 64 88 62 42 27 82 88 78 48 65 56 18 30 39 44 43 49 18 33 52 47 28 14 28 41 59 40 22 
40 56 64 55 56 36 74 71 60 67111 40 27 34 30 27 52 35 34 35 30 34 31 25 31 40 64 34 41. 
90 48 66 65 48 42 58 53 77 67 70 82 24 48 31 38 34 22 36-38 25 24 35 23 14 39 35 33 31. 
44 55 43 33 63 29 27 41 57 63 47 58 24 44 34 38 18 11 45 33°43 30 28 19 40 34 42 36 32 
60 61 63 49 42 44 38 61 61 47100 64 16 29 47 26 18 29 40 19 31 25 26 9 18 21 35 32 21 
2109 3" oo™ 2060 3" 20™ 1766 3° 49™ 2079 4" oo™ 2087 4" 20" 
Si, seis Wl 1.230 Si 1.333 Sl 1.050 Sl 1.296 
23 20 17 18 16 32 32 14 12 21 20 21 17 22 37 16 40 32 38 20 7 10 27 20 30 11 30 19 59 
34 31 25 23 17 24 10 8 13 26 21 23 53 38 22 12 26 11 60 29 22 29 35 63 28 25 31 17 41 
25 37 48 26 27 30 32 22 24 14 11 18 27 34 33 18 26 28 30 27 29 28 28 23 28 50 38 30 21 
29 45 53 52 52 32 30 33 27 32 33 37 18 46 37 18 29 21 29 40 31 29 27 23 48 29 65 19 21 
33 49 57 50 38 34 21 16 36 20 18 37 28 40 24 21 22 11 16 13 35 44 20 38 43 50 32 33 24 
36 62 67 23 23 11 15 20 17 32 23 30 11 19 22 33 10 10 20 26 20 31 14 13 75 69 29 19 25 
2058 4" 40™ 1820 5° oo™ 1142 5° 29™ 2118 5% 40™ 1157 6" 00 
Wl 0.748 Sj 1.144 Se 0.917 Sl 1.369 Se 0.900 
23 29 15 55 36 36 16 16 8 38 53 6 10 12 16 12 17 13 44 0 there 1000 Sm 
37 37 52 42 36 27 15 20 27 38 28 29 13 19 25 14 8 15 f 00 Ox Om Bend. 22 3 13mm 
32 34 47 57 21 37 10 22 25 47 22 18 14 16 30 20 10 13 £0) tO Oe es 13°30 2m 
27 32 21 36 48 52 12 17 20 45 34 8 11 15 19 21 14 6 Sai Te Osh oe 13 2 1, Om 
20 19 27 37 49 48 12 11 38 59 30 9 9 7123217 8 ee ee ee 8 3 12° 2mm 
5 30 46 42 41 84 17 16 27 43 17 6 11 12 31 32 27 14 7 6 3 6-3 3 0.3 7.1 4m 
(3 
1320 of oo™ 1329 0 20™ 715 0" 40™ 1740 1" oo™ | 
Wf 1.130 Wf 1.006 Sb 1.011 Si 1.149 
29 41 36 39 43 27 94 57 69 54 55 31 74 55 59 70100125 32 45 84 80 69 58 
40 44 38 48 54 49 77 60 62 58 65 45° 106 57 47 37100 62 33 53 61122110 90 
ieee 28 28 26 44 34 30 49 32 46 46 26 21 61 92 52 47 59 43 33 33 75 43 46 55 
43 26 21 36 25 36 53 49 29 19 32 37 52 49 41 45 52-70 31 30 49 51 36 ; 
61 32 33 22 44 18 60 39 28 39 40 45 50 62 39 28 47 47 47 40 57 32 65 2 
44 27 33 53 38 31 46 35 27 25 34 42 72 61 54 44 56 62 18 24 46 35 42 4 
998 1" a9™ 2016 1" 40™ 1342 2 oo™ 1827** 2 29™ 2035 2” 4" 
34.) 91553 Wk 1.117 Sg 1.008 Wj 0.484 Sl 1.439 
60 51 41 45 35 32 39 58 50 55 28 54 50 28 39 43 76 51 54 95 67 76 95 75 14.17 2U 21 17 | 
47 45 39 35 43 23 71 60 51 62 42 43 43 30 32 44 59 77 60 86 61 48 75 54 18 24 26 52 14 
41 49 49 23 10 13 64101 62 58 60°60 26 52 33 34 54 56 44 66 74 73 56 29 15 28 37 32 20 17 
23 39 40 21 23 20 50 39 49 85 87 36 417 39 44 37 67 46 95 75110 63 51 46 24 11 36 26 15 
27 33 36 20 23 41 56 50 51 75 44 22 65 60 63 45 89 78 24 47 87 67 62 73 23 15 27 22 30 
21 44 52 57 10 14 82 73 60 47 40 36 58 58 46 83135 64 16 24 40 35 51 54 22 14 18 28 15 
2128 3" oo™ 688 3" 20™ 999 3" 40™ 2083 4" go™ 2283 © 4" 20% 
SI 1.171 Sb 0.856 Wd 1.222 Sl 1. 408 Wm 1.059 
64 55 27 18 26 20 43 80 56 55 50°86 14 20 19 49 18 16 10 12 20 13 8 14 18 16 32 42 21 
29 55 20 31 20 13 55 96 54 32 34 32 29 17 25 29 46 31 24 13 18 19 12 23 26 36 54 52 62 
26 59 18 28 24 13 72 56 46 40 28 31 24 32 74 73 53 46 34 19 25 9 20 20 53 50 36 40 49 
26 22 29 22 32 20 49 40 35 32 15 32 31 23 17 45 48 28 32 18 14 24 43 16 52 43 33 35 29 
23 25 35 22 20 24 41 27 40 31 21 25 25 17 28 42 32 20 43 22 15 19 24 16 18 53 45 42 30 
23 27 17 15 18 19 49 15 17 21 27 14 22 25 40 20 31 28 27:21 9 2 14 11 36 15 39 34 64 
657. 4" -49™ 1150* 5" oo™ 2110 5° 20™ h go™ b 
2120* 5" 40 2111-6" 9 
Sb 1.260 Se 0.800 Sl 1.176 Wl 1.105 Sl 1.230 
19 36 30 46 56 14 16 28 18 39 12 13 tr Gesaihe 4k E Uhines BLS 0.1 Ona 
34 34 35 40 29 14 23 21 24 66 19 48 4 214 8 16 16 ee We bee 1.3 -i sous 
38 18 22 12 27 39 10 29 14 26 38 31 1 9 61310 7 OF. OoeL ome 1000 pa 
28 41 21 11 26 48 18 15 30 40 42 35 | 16 2145, Be 42 De CUA Os 1 0-1 
27 26 25 8 20 14 8 17 22 31 49 38 419 19°14 11 5 Li 2 chon res 0 1 0.0m 
5 8 4 30 16 26 18 25 13 52 64 11 8 6 6 11 12 10 6515: DELO 1 2-0 1m 
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TABLE V. (continued) 
981 0° oo™ 1729 0" 20™ 675 0" 40™ 1744 1" oo™ 
Wd 1.967 Si 1.329 Sb 0.987 Si 1.033 
24 25 16 23 22 22 58 44 26 14 37 26 42 47 50 71 75 77 54 67 54 33 23 38 
28 21 32 20 30 22 77 56 37 51 55 29 48 70 63 48 90 86 67 98 50 27 42 55 
Bea 40 30 54 38 36 22 49 41 37 31 49 51 71 75 85 81 43 70 81 65 66 48 90 57 
42 42 23 22 23 13 45 89 44 39 76 51 59 49 75 67 55 56 89 95 75 58 87 41 
31 42 20 20 63 14 41 56 85107 51 37 59 76 90 62 52 51 38 76114 44202 50 
18 34 38 30 33 26 81 33 53 36 32 15 70 49 60 70108111 34 46103 74 63 61 
2073. 17 ao™ 1761 1° 40™ 655 2" oo™ 982 2" a9™ 211428 40™ 
Wl 1.075 Si 1.097 Wb 0.768 Sd 1,852 Wl 0. 862 
28 42 58 51 38 33 40 45 45 42 27 37 67 41 47 49 30 17 8 412 8 9 26 31 38 39 35 40 
43133 85 71 52 62 41 32 56 50 27 35 65 57 39 50 54 40 13 4 13 17 22 37 35 48 62 95 53 
34 73 64101 66 65 53 37 41 38 59 49 65 92 68 67 74 33 16 13 10 8 11 37 46 52 43 35 55 
55 73122123 89 51 55 44 49 84 39 51 66 73 50 8i 55 19 20 12 7 13 11 40 80 71 24 53 47 
78112 67 56 40 56 39 39 45 37 47 44 73 88128 67 52 25 31 25 6 12 14 53 48 32 41 45 42 
65 56 46 56 37 44 58 43 56 28 53 58 43 66 61 79 45 6 31 21 15 19 23 27 34 44 35 30 17 
2277 3" oo™ 678 3" 20™ 2074 3" 40™ 1762 4" oo™ 2298 4? 29™ 
Sm 1.288 Wb 0.860 Sl 1.268 Si 1.248 Sm 0.772 
23 33 31 33 22 46 34 48 29 40 62 9 11 23 19 19 27 2413 23 6 4 22 22 25 44 43 42 
27 30 28 29 19 35 24 31 51 44 30 21 19 19 14 24 21 19 19 8 10 14 12 39 30 18 28 49 29 
41 50 36 31 36 65 33 42 59 31 41 18 17 22 15 31 39 10 11 6 12 11 11 43 37 26 30 45 10 
45 39 19 28 30 45 66 86 32 48 70 21 21 25 18 20 20 11 30 12 12 10 14 39 38 46 40 49 24 
44 46 30 29 33 63 61 46 57 48 60 16 18 16 20 21 32 143720 8 4 12 23 44 32 35 45 15 
49 21 18 24 19 36 60 56 55 57 61 14 24 19 60 21 17 20 18 27 17 14 16 28 22 43 63 27 23 
1828 4? 40™ 1146 5 oo™ 1509 5” 20™ 2095 5° 40™ 2305 6" oo™ 
Wj 0.804 Se 1.075 Sh 0.875 Sl 1.230 Wm 1.084 
19 18 11 13 12 23 13 30 23 27 27 7 6 14 11 12 25 0 0 2 310 6 200000 
28 32 22 15 40 26 8 29 16 42 35 19 12 16 34 30 28 Gp 4-21 29 42 O20 boa ea 4s 
57 39 60 37 38 25 24 27 24 17 20 7 14 18 21 20 27 0073 9 0 G10 of et0 
37 35 33 38 29 37 43 33 33-36 9 9 14 18 20 24 43 e045 5 8 $2071 20°C6LS 
37 28 40 32 17 16 24 34 23 28 22 5 16 11 15 15 23 fen <0 71-440 002200 
40 52 53 60 25 13 19 19 29 517 4 6 913 16 15 foo 0550 001000 
1726 0" oo™ 1028 0? 20™ 1033.0? 40™ 677 1" oo™ 
Wi 0. 882 Sd 1.171 Sd 1.059 Wb 1.096 
21 31 46 68 33 45 43 38 42 47 34 20 33 51 36 41 38 52 44 47 47 37 53 29 
42 62 57 55 38 71 43 46 50 74 83 31 16 35 38101 66 43 38 34 63 44 30 12 
et 54 58 74 79 74 74 66 41 44 41 46 33 43 31 48 37 59 48 40 55 45-35 50 51 
rag 56 77 92 49 41 34 69 33 36 48 53 46 32 28 45 43 45 62 36 49 73 44 62 19 
58 79 72 73 71 59 42 49 31 46 20 42 39 28 36 71 67 49 38 44 65 21 32 28 
49 56 48 42 42 51 56 48 32 18 39 23 38 45 48 63 51 60 57 70 56 31 33 26 
985 17 20™ 2019 1" 40™ 2062 = 2" o0™ 978 2? 20™ 1029 2 40™ 
1 Sa 1.292 Wk 1.001 Sl 1.290 Wd 1.428 Sd 0.994 
1 20 48 37 27 29 41 29 46 54 38 29 37 29 39 35 28 22 12 21 13 14 25 23 36 27 55 57 47 24 
A? 34 45 44 35 20 44 29 59 68 48 61 27 28 20 41 37 40 34 27 22 20 30 11 33 23 29 49 39 52 
16 30 23 44 34 23 45 26 40 60 52 38 21 42 15 30 51 32 23 7 20 14 21 21 48 71 45 25 30 38 
32 52 30 56 37 23 34 32 23 29 59 50 39 42 45 28 28 32 30 23 22 23 22 26 37 29 44 28 25 33 
432 24 34 46 58 33 27 46 38-45 40 40 32 34 32 38 42 18 45 30 19 10 15 21 32 49 40 31 21 49 
32 29 38 47 39 33 36 38 58 49 35 31 19 36 30 28 30 17 23 13 10 16 15 12 30 27 29 38 34 39 
2104 3 o0o™ 2136 © 3" 20™ 181g 3" 40™ 1822 4 oo™ 2063 4" 20™ 
i wi 1.105 Sl 1.335 Wj 0. 540 Sj 1.109 Wl 1.068 
M 5 14 26 28 25 11 29 36 22 8 15 18 37 21 26 10 13 9 11 12 17 21 14 14 24 16 16 10 9 
M 21 27 45 65 23 18 15 2112 9 17 40 43 36 35 25 41 20 20 21 28 15 16 21 25 30 19 16 19 
33 35 37 82112 40 14 18 13 14 18 19 34 38 33 42 21 34 21 11 23 31 11 13 8 17 15 15 12 13 
12 36 34 38 40 25 17 28 19 18 28 13 26 31 32 48 38 41 13 619 815 7 31015 924 5 
}0 60 71 69 45 24 34 27 27 23 31 20 28 27 27 62 73 56 8181412 8 5 12 28 19 33 22 9 
i 37 57 45 46 23 35 32 34 20 27 38 24 40 43 49 63 56 2711 75 9 6 19 23 18 33 26 25 
2102 48 4o™ 1042 5” oo™ 2129 5" 20™ 1517 5° 40™ 2137 6" oo™ 
S1 1.034 Wd 1.382 Sl 1.018 Wh 1.032 Sl 1.230 
(5 29 28 16 14 15 17 14 21 35 25 12 6 6 4 1 8 22 Nd te OLS. oe tor we We eo tae 
36 32 23 25 18 19 16 21 16 26 21 20 10 7 3 25116 19 Ape ar Be: een et te ie ees 
10 45 36 24 8 12 12 26 20 30 14 17 6 20 10 29 39 10 2022 5 6 pet ees te) a as 
38 20 2815 4 5 7 12 29 23 11 29 813 9 24 43 6 022047 Oe ee 
1413 3 1 4 9 21 24 23 14 13 7 16 15 40 10 16 ef 4 ee a et ae ee 
711867 5 9 17 12 17 21 20 18 4 81112 7 18 001 213 5 gis 5 i ie 
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TABLE V. (continued) 


1780 0 oo™ 1809 0" 20™ 1332 0" 4o™ 703 
Wi—_1.130 Sj 1.077 Sf 1.136 Sb 
28 45 45 60 49 25 40 31 36 29 32 16 14 17 9 26 39 37 51 77 29 
29 40 30 27 61 50 41101 42 33 41 17 44 37 19 38 30 32 56 31 40 
‘ 49 38 48 27 29 59 37 33 40 44 30 25 38 38 48 15 33 40 58 55 39 
5 = +10 34 29 27 13 31 45 28 41 40 33 18 21 30 28 24 21 19 25 99 45 46 
30 31 51 51 42 37 36 25 61 47 46 23 57 27 43 36 33 38 46 60 42 
35 30 45 56 32 38 51 39 45 40 28 8 28 45 27 37 27 47 52 48 76 
1339 1° 20™ 2055 1% 4o™ 692 2 go™ 980 2" a9™ 706* 
Wf 0.912 Sl 1.474 Wb 0.678 Sd 1.476 Wb 
31 46 32 63 63 34 30 59 27 22 39 24 33 35 33 45 56 48 14 28 19 6 16 13 70 60 51 
44 64 64 77 51 57 16 31 29 15 29 14 45 48 38 36 39 30 23 17 19 17 14 20 71 51 38 
17 54 66 60 40 48 19 38 44 16 17 16 58 80 76 71 51 30 26 17 31 20 27 17 50 41 59 
25 44 78 45 49 55 22 24 18 20 8 12 63 79 69 81 54 63 57-36. 22 26 23 20 45 43 42 
25 44124 48 37 43 42 31 31 18 11-16 62 56 68 81 72 89 22 20°24 17 11 35 36 42 29 
29 36 60 52 52 41 20 20 34 54 27 12 68 73 73 66 54 54 23 24 21 16 27 32 37 34 44 
1751 3" oo™ 2280 3" 29™ 1772 3" 40™ 1813 4" go™ 1838 
Si 0.895 Wm 0.890 St al607 Sj 0.928 Sj 
11 19 24 30123 48 1512 912 6 11 7 71210 6 7 3.4 7 9 17 10 3 ghe 
37 27 20 37 46 58 23 1313 7 6 14 1617 710 5 7 2 41014 6 14 6 6 6 
22 31 44 32 54 42 18 2212 6 8 8 16 16 10 24 18 10 2 8 718 19 16 5 Ds 
52 48 54 31 44 29 23 25 41 12 22 26 8 16 8 30 26 8 712 9 18 14 12 7 2 8 
8 11 29 27 35 27 33 49 2118 19 5 8 17 11 11 14 11 9151715 9 8 149 8 
27 7 14 22 34 23 10 42 45 33 17 20 918 813 8 3 8 17 13 15 21 13 11 18 16 
766 4% 4o™ 707 5" oo™ 2105 5 g9™ 6a9 5? 40™ 2329 
Sb 0.926 Sb — 1.005 Wl 1. 226 Sb 1.000 Sm 
eee aise ot Stes) 2 Sa ae ee 080 LOMO cd a 2 V4 Asay Ag 0 iene 
32010 5 5 8 3.714 7 2 3 030000 Rec iey waren: 000 
18 6 6 13 11 10 6 14 10 13 9 16 OY e920 6s 514 2 Ub euNo 1 Some 
17 33 14 30 30 5 15 20 19 2819 7 BO Ee ea $25 Sens 85 ee 00 4 
15 43 45 12 27 15 10 16 31 24 13 10 3 1b s, ALS 16 t 4,0 a a8 00 2 
11 23 29 17 14 15 27 18 29 35 20 9 4 4 2 112 21 ee a a ye 201 
944 0" oo™ 2032 of 20™ 1737 0” 40™ 687 
We 1.101 Wk 1.304 Si 1.218 Wb 
43 38 45 43 34 62 21 33 21 31 48 28 «28:29 34 26 24 31 ~—«d115 99 36 
32 37 48 40 47 72 36 42 22 36 38 30 30 39 34 46 28 25 149 95 44 
Meee 55 49 73 60 62 63 13 28 27 34 33 17 59 53 42 37 24 26 192 68 66 
50 58 36 63 57 40 30 20 30 20 44 35 27 21 42 35 30 27 109109 89 
39 49 60 57 68 59 14 27 50 19 45 17 19 13 19 40 28 18 717147 76 
28 46 38 53 52 24 27 22 33 18 25 21 17 20 11 22 38 32 72100 63 
1336 1 297 2091 17 4o™ 1077 2 oo™ 1791 28 ao™ 1026 
Sf 1.190 Wl 1.187 Ses 1eat4 Sj 0.876 Sd 
37 24 35 39 44101 42 29 48 32 44 37 33 41 33 50 33 35 17 9 21 34 39 47 25 33 34 
41 42 27 26 81121 50 46 51 21 39 37 42 49 28 22 40 39 6 18 33 32 29 52 26 37 50 
52 47 22 31 66110 41 30 28 41 63-27 43 62 67 44 27 40 23 25 23 48 36 44 41 56 51 
33 39 38 70 53 68 47 43 26 30 41 3% 48 57 56 41 56 48 25 7 21 19 50 41 37 40 44 
37 28 42 32 60 41 53109 61 47 33 43 43 28 42 25 38 33 16 28 27 32 32 49 64 46 31 
32 36 18 59 39 25 39 65 30 33 44 36 31 33 25 31 40 37 28 46 28 19 25 32 29 33 18 
2358 3 go™ 2352 3? 20™ 1769 3" 4o™ 1074 4? go™ 1078 
Wann: 1,154 Sm 1.123 Si 1.012 Sc 1.181 We 
22 23 22 18 12 18 12 19 19 22 24 24 11 16 811 9 10 43 6 3 612 10 11 10 
52 32 28 33 30 17 12 19 33 17 37 56 16 23 15 20 11 12 {0 3/5 16 £5.10 15 12 10 
39 42 61 33121 54 29 18 36 19 40 34 16 11 16 74 32 23 710 9 11 11 14 6 6 8 
32 30 39 46 27 33 29 18 23 24 23 25 15 9 6 30 14 18 0 6 12 12 13 12 13 10 20 
12 19 19105 71 65 16 17 11 15 12 5 21 30 6 21 10 9 14 8 2916 9 12 19 19 28 
13 11 25 29101 45 1210 5 9 7 6 13 10 16 12 9 14 9.6 ¢€ 615.6 10 13 19 
1123 4? 49™ 1811 5" oo™ 1841 5" ao™ 11545" 4o™ 1819 
Se, . 1.056 Wj 1.095 Sj 0.733 We 0.813 Sj 
ce heather Kear Auth oto ade Coed 5 5 912 11 6 ve ae ee a a7 20 0 
13.30 OB 11 B36. bo. nk os 659 9 6 8 B19 6 3 O. ie 
Rone > At 8.2 2 6 1-8 43 4 1 9/8 12 6 cae Were ga a] 000 
Ne ope ee ene te 2 ifs 6 ize aoe 47983 4 488 Gs Tae deep 1 0 0 
5 4 3 211 10 6 3 3 6 910 9-13. -mien terne 03 3286 00 0 
62788 8g ig S206. «2: ea ay Hits 4) ode Ae he dog Seung 00 0 
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| TABLE V. 
| 
| 701 0" oo™ 1409 
| Sb. 1.163 Sg 
| 20 10 29 23 16 9 2) 821-35 
30 37 37 39 29 32 44 40 43 
Pe es 400° 54 36 34 50 38 40 25 33 30 
54 49 52 60 47 51 41 16 42 
| 54 33 38 34 32 49 46 26 19 
42 27 55 46 32 50 33 48 33 
694 17 a9™ 1110. 1 40™ 1471 
Sb 1.016 Se 0. 890 Se 
5 31 49 52 38 31 39 29 29 42 15 26 23 27 13 
433 61 52 47 27 52 30 43 44 56 45 30 55 70 
9 45 34 40 53 43 62 45 40 54 43 52 45 39 55 
3 88 51 62 60 53 34 37 41 47 37 64 52 82 48 
454 86 46 38 43 68 68100148 75 79 58 72 68 
329 38 60 64126 78 92103 71100 79 47 42 37 
647 3" oo™ 681 3" 20™ 710 
| Sb 1.187 Sb 0.879 Sb 
52128 9 9 4 10 8 13 16 11 20 27 29 15 
a7 103 3 5 10 19 11 23 8 8 27 22 11 
934155 1 16 16 12 4 20 16 28 15 22 13 
768 10 10 0 13 14 16 19 20 19 59 17 9 14 
9 50 35 31 9 28 21 31 25 15 21 39 6 14 14 
5 37 32 23 12 18 18 30 29 33 34 35 15 19 12 
1007 4 4o™ 734 5" go™ 648 
Sd 1.315 Sb 1.000 Sb 
[| Theses Uae eee ee fe OME) Blt o Opes eO 
Wea 4 40 2 ia Ossie De SG) eer ane 
fees), 2 4. 4; 0 Eyoae Tae lene Yas Dey GG 
We 22 30 Ae Sans ite) ees LG) 04.22) 23 
Meo 3 8 5.2 Ue OmeO un lanl VO, ue Oia 
Rees 2? 48g e102 020 2 10 2 8 6 


observed magnitude of 17.6. The data used 
re for the redshift-magnitude relation are taken 
om Humason, Mayall and Sandage (1956). 
We select B = —0.24 as the most reliable 
Jue of B, based on all six areas and derived 
ym the full range of latitudes available in each 
ea. Thus we find for the galactic extinction 
efficient 

| 0.24 

Osa. 0.46 mag. 

his is considerably larger than Hubble’s (1934) 
lue of 0.25 mag. For a more reliable compari- 
in we made a new solution based on the data of 
ubble’s survey plates included in the six areas 


scussed in this paper. The result is B = —0.19, 
ith a corresponding extinction coefficient of 
38 mag. 


Oort (1938) recalculated the galactic extinc- 
on for Hubble’s data between longitudes 0° and 
90° and obtained B = —o0.17 mag. With a 
visor of 0.55, his value of the extinction at the 
sles is 0.31 mag. 

From his measures of the surface brightness 
id colors of extragalactic nebulae, Holmberg 
'957) found an extinction at the poles of 0.26 
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(continued) 

o? 20™ 702 of 40™ 680 1° o9™ 
1.062 Sb 0. 700 Sb 1.084 
83 45 29 54 69 54 66 55 52 31 32 38 43 34 32 
49 28 28 55 79 92141 82 67 44 55 53 62 48 46 
60 28 36 82 89167149 86 37 69 44 44 49 49 32 
40 48 48 82 68 94100 73 50 77 73 43 51 53 58 
43 59 44 80 72 73 84125 50 56 53 45 54 39 51 
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mag., and a color excess of 0.062. These results 
may be too small, however, because the low- 
latitude objects bright enough to be included in 
his program tend to be found in regions of less 
than average extinction. 

Holmberg also determined the reduction in 
brightness due to internal absorption when the 
nebulae are viewed normal to the fundamental 
plane. He found that this diminution amounts 
to 0.28 mag. for Sc nebulae and to 0.43 mag. for 
Sa and Sb nebulae combined. Since our galaxy 
is generally considered to be of type Sb, it is of 
interest to investigate the relation between galac- 
tic extinction and the quantity 0.43 mag. 

Let us call Am, the extinction in magnitudes 
of an external object viewed from and normal to 
the central plane of a nebula. 

Let Am, be the reduction in magnitude of a 
nebula due to internal absorption when it is seen 
normal to its plane from an external point. 

We distinguish three cases, two extreme and 
one intermediate : 

(1) If the absorbing material is in two equal 
layers parallel to the fundamental plane of the 
nebula but outside the region of emission, then 
Am, = Amy. 
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TABLE VI, AREA II, UNCORRECTED COUNTS OF NEBULAE PER SQUARE DEGREE 
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(2) If the absorbing material lies in a very 
thin layer of total optical depth 2ak distributed 
symmetrically on either side of the fundamental 
‘plane, an external object viewed from this plane 
and normal to it will be reduced in apparent 
brightness by a factor e~**, or by Am, = —2.5 
log e~**. On the other hand, if the nebula is 
viewed normal to its fundamental plane from an 
external point, the absorbing layer will cause a 
reduction in brightness by a factor (r + e*ek) /2, 
or 


—2ak “ 

Am, = eee (3) 

Therefore, 
Am, — Am, = 2.5 log cosh ak. (4) 

But, 
ak = 0.921 Am. 

Therefore, 

Am, — Am: = 2.5 log cosh (0.921 Am), (5) 


and when Am, = 0.46, Amy = 0.37. 

(3) It is assumed that: 

a) throughout the nebula the ratio, y, of volume 
emission to absorption coefficients is constant, 
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b) these coefficients are distributed a 
on either side of the fundamental plane. 

Let ro be the optical depth in absorption of an 
external ‘object seen from and normal to the 
fundamental plane. Then 


Am, = 2.5 log e™ = 1.086 7. 


6) 

Let r be the optical depth in absorption of a 
point in the nebula as viewed from an external 
position normal to the fundamental plane. If the 
point is in that plane, 7 = 7. Because of ( 
the total optical thickness normal to the fund 
mental plane is 2T 9. From (a) it is clear that the 
reduction in brightness due to absorption as seen 
from the external position is in the ratio & 
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but, since Am, = 1.086 70, we find 


1.842 Am, 
Am, = 2.5 log 1 — e-1 842 am ( 
and when Am, = 0.46, Amz = 0.42. 
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2S) 


840 13" oo™ 
Sb 0.891 
45 35 29 37 31 
65 33 37 19 19 
70 65 41 51 39 
85116103 89 52 
83109 87 69 63 


119110118 97 82 63 


107 
82 
73 

134 

118 


95 54 86 67 66 
97 91 78 64 76 


1553. 13" oo™ 
Wh 0.677 

80 94227191116 
81 77 61 85 53 


78 60112 92 79 
76 74 68 76 52 


1266 16° 20™ 
Sf 0.982 
15 45 
62 57 
50 50 
48 37 


216 


5 = +30° 


1881 
Wj 
80113 116 


13" 20™ 


0. 


76 


85 95108128 


Ol=352 


1624 

Wh 
81 88 63 
121 63 67 
101 60 51 
127 84 
122 67 
92122112 


495 

Sa 
33 55 40 
47105111 
84 70 90 
51 71 41 


816 


13" 20™ 


0. 


51 
51 
51 


47103 
97129 


88 


869 
44 
58 
58 
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64110 55 
83 65 72 98 68 88 
74 77155116 62 60 
128158110120118 54 
125188 91 98 85 50 
116162 87 86 57 47 


1870 15" 20™ 

$j 0. 858 
42 70107109 66 49 
144 69177102 87 74 
106140195181 87 95 
65201187122 59 51 
98 136 182162110 63 
66 74169140 77 56 


843. 17" oo™ 
Wb 0.615 
58 51 54111 75 64 


53101 76 


64148121 68 44 31 
57 93180 83 54 39 
29 42 41 87 50 44 


TABLE VII. (continued) 


1598 12" 20™ 

Wh 0.681 
43 49109 55 76 83 
55102158 94 68104 
41102 72120127 85 
98 91 67 94 86116 
69104101165116 71 
90105112128 86 68 
14" go™ 
0. 666 
79: 51 89 
38 81 53 
90 69 62 
81 59138 
89 113 264 135123 
67 85 84 93 96 
15" 40™ 
Sj 0.915 
58 42 61 
49119 64 
67 74 71 
42 63138 
68 63 72 
41 61 40 


58 76 72 


60117 97 69 
1682 


17° 40™ 


0. 696 
31 21 25 
22 27 40 
16 27 22 
32 34 32 
15 10 8 
1455 8 9E5 


1613 13" oo™ 
Wh 0.645 | | 
87 73 69 52 47° 
72 66119 82 73 


74 59 75 81 83 
74114119 94 


59 August 
| 
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100 72 99 


TABLE VII. 


(continued) 

12" 24™ 

0. 704 

43 80 41 20 
65 83 59 29 
56 59 56 102 
41 59 36 49 
35 45 55 50 
36 28 36 29 
14> 24™ 

1.055 

33 42 33 51 
30 41 42 24 
67 43 32 59 
47 38 45 47 
42 33 37 17 
35 23 27 54 
16" 24™ 

0. 845 

52 56 39 39 
83 72 38 49 
86 56 46 45 
89 41 45 56 
88 64 46 44 
76 49 59 31 
127 24™ 

1.171 

38 48 37 57 
67 34 20 55 
46 37 21 94 
38,56 37 89 
42 39 39 82 
29 45 22 54 
147 24™ 

1.285 

44 18 27 35 
40 30 28 32 
27 26 33 49 
57 27 39 25 
27 28 45 40 
22 32 33 50 
16" 24™ 

0.992 

34 33 26 35 
40 36 34 38 
43 24 25 32 
51 33 41 39 
45 53 36 39 
37 39 27 72 


1570 


12" 4g™ 


-190 


1619 
Wh 
27 79 
34 39 


13 


15" 12 
0 


217 


12° 


13" 12™ 


0. 


68 
86 


58 73111 


59 
93 
58 


843 
62 
40 
55 
55 
94 
48 
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TABLE VI. (continued) 


2159 12" o0™ 1850 12" 24™ 1861 12" 48™ 
Wl 0.861 Sj 0.771 Wj 0.660 
48 34 86 66 60 45 43 51 65 57 42 42 92 72 78 76 55 47 
55 84120 81 59 46 84 67 75 57 76107 100118103100 65 89 
= 40 72 75 73 65 39 69126 65 66 51 64 110130 76 98119132 
$= 450 68 52 49 45 70 23 51 63 67 80101 53 111 72 83 75 61 66 
53 53 66 49 56 25 56 87 44 54 72 40 87 97 78 68 58 83 
47 53 49 46 44 25 50 59 54 53 59 39 84 84 75 52 71 52 
h ..m h m h m | Wea) 
1894 13" 36 2192 14" 00 2198 14" 24 1559 14" 48 
Wj 0.721 Sm 0.977 Sm 0.771 Wh 0.659 
46 36 51 42 35 45 41 35 34 37 32 29 34 59 33 34 55 46 49 60 46 46 47 52 
29 32 36 38 30 46 34 18 35 34 36 31 50 66 39 47 31 23 32 37 70 46 82 46 
54 65 54 55 32 39 47 37 36 37 38 36 52 75 46 40 49 55 44 81 75 55 55 69 
36 48 67 33 24 30 30 44 48 66 33 29 38 54 61 66 48 55 78120104 54 60 78 
43 72 65 41 36 36 28 41 54 40 20 39 53 66 41152 32 51 15 97.58 46 66 47 
35 45 51 64 52 37 27 23 21 32 22 25 45 44 50 60 34 33 76141 86 80 56 49 
479 15" 36™ 2215 16" oo™ 1252 16" 24™ 1669 16" 43™ 
Wa 0.835 Sm 1.299 Wf 0.924 Si 0.778 
32 44 38 36 18 17 35 53 43 35 20 10 25 39 26 59 57 50 44 31 44 56 38 53 
35 37 39 33 41 37 40 48 26 28 24 13 60 43 55 77 49 32 48 41 45 83 70 42 
66 35 37 33 36 38 86 36 30 29 37 19 38101 77 74101 36 57 45 43 46 42101 
30 32 31 37 29 42 45 48 39 26 15 15 56 58 55 47 91 72 43 50 44 50 57 56 
43 37 68 33 39 60 18 45 43 38 32 13 45 44 94 40 42 45 38 50 33 58 65 31 
33 47 59 39 18 17 10 22 27 29 24 17 53 37 44 46 29 30 43 50 53 47 53 41 
1684 17" 36™ 1283 18" 90™ 
Si 1.182 Wf 0.857 
39 23 20 19 22 30 16 23 37 24 34 22 
47 32 46 30 27 31 20 24 26 37 61 36 
13 26 38 44 32 33 23 31 28 36 23 20 
17 24 22 34 23 27 36 68 15 24 24 18 ) 
38 24 24 45 17 20 24 30 23 46 34 20 
18 18 33 35 18 5 44 38 36 42 25 19 
2171 11° 44™ 1589 12" 16™ 1867 12" 4g™ 478 13" 207 
Sl 1.395 Wh 0.706 Sj 1.017 Wa 0.756 
35 31 31 43 50 50 71 65 80 74 96 72 35 36 42 61 45 41 65 59 77 49 44 32 
59 70 71 50 60 57 58 64 86 71104166 -' 73 36 12 33 26 43 92 51 39 62 80 51 
pects 50 66 85 70107 45 67 37 83 65 70113 74 72 62 73 59 22 103 79 77 55 58 87 
57 40 67 40 38 49 35 75 53 70 93 75 17 51 32 36 28 28 14 95 63 77 76 85 
25 61 62 43 24°19 78 86 67 64 71 64 66 53 71 49 60 47 67 53 55 87 95 69 
65 28 45 31 23 19 42 64 52 37 58 84 57 51 40 38 24 32 46 34 67 73 46 41 
2179 13" 52™ 1907 14” 24™ 1222 14" 56™ 1620 15° 23™ 1241 16" oo™ 
Sl 1.751 Wj 0.748 Sf 1,028 Wh 0.741 Wi 1.111 
23 24 30 28 18 22 31 39 63 38 48 45 36 22 20 34 48 44 31 63 55 49 66 22 54 35 25 21 26 20 
5 33 21 39 41 22 54 68 46 62 27 58 43 32 46 27 57 46 71 88 62 59 59 42 61 75 24 29 37 56 
61 36 31 13 56 36 78 86 69 39 77 98 30 35 52 62 74 62 81 51 51 57 45 45 51 60 57 22 40 49 
37 19 24 26 20 15 56 46 93 57 67°83 32 46 68 85 42 36 10 68 63 65 36 55 46 56 71 65 38 39 
28 15 15 20 13 12 31 82 53 41 63 84 23 36 62 53 14 29 71 63 61 66 27 31 69 78 75°88 87 
22 19 13 11 22 15 45 69 38 38 60 53 37 42 32 27 31 23 52 48 46 37 16 28 50 52 36 42 32 31 
1657 16" 32™ 1671 17" o4™ 1643 17" 36™ 886 18" og™ Z 
Wi —0«. 783 Si 0.894 Wh 0. 792 Sb 1.097 
25 32 40 57102 54 102185 78 40 35 29 55 52 39 24 57 97 30 15 32 76 50 19 
35 49 49 53 79116 47 37 81 52 26 30 51 63 49 50 43 36 19 37 69 84 43 44 
43 38 90 96 86 75 45 26 44 47 25 25 65 92 67 48 26 40 32 33 19 29 36 29 
82 49 62 44 87 70 33 35 31 29 56 59 76 70 40 34 47 23 19 17 31 25 43 37 
81 35 58 36 72 58 57 37 49 31 46 62 56 69 48 64 64 35 17 23 39 35 22 37 
57 46 50 43 52 73 40 49 28 21 15 42 44 39 32 39 44 26 17 25 16 24 33 25 


In our galaxy the obscuring matter no doubt 
has a distribution somewhere intermediate be- 
tween that represented by cases (2) and (3) | 
Holmberg’s determination of Am, = 0.43 for Sa. 
and Sb nebulae is reasonably consistent with our 
values calculated from Am, = 0.46. 


From this discussion of galactic extinction 1 
the photographic region it appears that the con 
monly used value 0.25 mag. is very probably t 

-low, and that it may well be greater than @ 
mag. On the other hand, our value of 0.46 ma 
could be too high, because of the increased likel 


/ - 
o 1 (v7, 
/ = 1 ae ~ 
aN / s 
4 
+ 30° 
| 
20, | 
4) 
xi 
20°. a , 
20 4 
20 ay p/ 
a 
E | 7% S 
sae \/ € | 3 
E |v (ae 
© a 
3 
E | 
gas 
ioe 
20 = (S> 
Sa 
20 # 
0 
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: + 30° 


ey 


@)\- 


ae 
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TABLE VII. (continued) 
1885 12" oo™ 1520 12" 36™ 1622 13" 12™ 1901 13° 48™ 
8j 0.894 Sh 0.932 Sh 0.781 Sj 0.990 
82 59 79 49 52 55 65 51 35 26 65 49 55 51 74 41 56 52 30 41 28 31 40 24 
97 78 56 35 36 56 42 30 31 33 70 76 57 62 61 64 71 23 27 32 28 45 39 44 
ee 56144 76 49 39 66 33 49 35 33 44123 103 49 58 60 37 41 38 35 19 43 44 59 
36 97 87 62 55 50 75 53 34 51 32 55 140 73 57 35 53 37 37 59 41 44 67 48 
50 73 80 83 51 61 41 32 46 48 65 50 62 86 84 40 50 21 53 52 52 47 47 46 
51 66 70 51 63 51 34 57 40 56 45 41 71135 72 41 52 26 44 31 31 37 40 40 
191914" 24™ 1226 15" oo™ 1651 15° s6™ 1264 16" 12™ 1649 16 43™ 
Sj 0.973 Sf 0.897 Si 1.016 Wt 0.991 Si 0.839 
(34 41 22 38 25 40 36 33 53 28 44 45 49 44 34 39 33 20 37 25 40 31 50 34 35 65 59 55 34 32 
39 56 37 27 31 31 37 56 54 32 32 46 70 53 61 47 30 25 26 11 60 49 52 53 41 45 53 77 48 19 
24 59 33 33 29 37 42 38 36 36 52 48 73 45 40 46 20 20 44 46 56 45 46 39 84 86 51 44 48 50 
$1 38 39 23 39 40 61 40 38 43 32 38 56 41 48 52 30 38 32 48 45 27 46 31 68107101 64 42 54 
36 46 47 34 49 49 43 39 30 27 38 47 44 40 34 45 30 32 81 76 61 98 46 28 86 76 65 64 72 82 
39 43 44 24 48 31 42 35 21 24 32 35 33 33 41 52 34 42 39 79 55 41 28 18 49 43 19 32 45 33 
1628 17" 24™ 1920 18" oo™ 
Wh 0.993 Sk 0.898 
“45 35 29 18 33 40 14 27 34 65 42 21 
81 26 13 30 39 39 24 34 43 28 31 17 
26 29 57 53 43 60 36 29 41 22 32 25 
62 34 53 64 52 58 34 41 49 44 58 37 
43 41 72 55 39 31 30 40 41 30 32 36 
(44°34 48 76118 34 20 53 96 58 29 36 


iood of missing nebulae in the rich star fields of 
ow latitude. 

When the counts have been reduced for all 
line areas, it is planned to convert them to a 
‘ommon limiting magnitude by a carefully ar- 
anged program of sample recounting. It will 
hen be possible to increase substantially the 
veights of the solutions for B by including in a 
‘ingle solution counts from more than one area. 
This program should result in significant deter- 


| 
| 


minations of the galactic extinction for different 
longitude intervals. 
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RADIAL VELOCITY MEASUREMENTS OF SOME VISUAL DOUBLE STARS 


| By OTTO STRUVE ann VELTA ZEBERGS 


| Berkeley Astronomical Department, University of California, Berkeley, Calif. 


: Received March 10, 1959 


Abstract. The radial velocities of 48 visual double stars observed in 1952-1958 are listed in Table I. 


_ Radial velocities of 48 visual double stars have 
deen measured on 125 spectrograms obtained 
with the Coudé spectrograph of the 100-inch 
telescope of the Mount Wilson Observatory. One 
hundred twenty-one spectrograms were obtained 
between July, 1952, and June, 1954, two in 1957, 
and two in 1958. All spectrograms except those 
listed in the notes to Table I have a dispersion 
of 10 A/mm. 

_ The 20 star lines contained in Petrie’s (1946) 


list of wavelength standards for high-dispersion 
spectrograms have been measured whenever pos- 
sible. Broad star lines or poor quality of spec- 
trograms occasionally reduced the number of 
lines measured. 

Table I gives the radial velocities. The stars 
are listed by their ADS numbers, the brighter 
component first. When the brightnesses are 
equal, Aitken’s designation is followed. Columns 
2 and 3 list the spectral types and magnitudes, 
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TABLE I. RADIAL VELOCITIES OF SOME VISUAL DOUBLE STARS 


Qual. " Radial velocity 
Spectral of (km/sec) 
Star | type Mag. Date ae lines S&Z Wilson 
ADS 683A gFo 6.3 1953 Nov. 26 236" nn +8.341.6 + 5.0 
B gFo 6.3 3 20 nn + 4.6 1.6 + 6.8 
903 A dF5 6.8 Nov. 26 5 11 s ==18,0) 0.69 | Saget 
B dF4 7.6 417 s — 6.9 0.4 =—I0 
3353 A dF2 7.2 Nov. 25 10 00 s sn 97 Os 5 a aA 
B dF3 a2 855 n +95.9 1275 sees 
4849 A dF4 6.7 Noy. 26 II 44 s + 5.4 0.7 + 6.8 
B dF 4 7:5 10 33 s steed 1 O-4ea 
5166 A dF6 7fO) Nov. 25 12 45 s 3 Ons, uate Onde 
B dF6 8.1 11.26 nn + 5:0 2.5 +2 
6483 AB dF6 6.4 Jan. 28 7 28 s + 4.7 0.3 = 022 
6977 A dF5 6.7 Mar. 27 315 s —12.6 0.8 —18.2 
7 03 —_—13.9 0.6 
B dF6 Fas 5 03 s S12.4 0.7 =1738 
6988 A dG6 4.2 Nov. 26 II 58 s +16.5  0:4-  -FI6z0 
7187 A dF3 6.8 Mar. 31 7 08 s +29.6 0.4 +29.1 
B dF4 7.2 5 35 s +29-0 0:4 +3253 
7307 A dF3 6.5 1954 Mar. 15 6 14 s — 4.9 0.4 + 0.6 
B dF2 6.8 6 59 S = 4.8) 0.3 A189 
8119 A dGo 4.4 1953 Jan. 28 8 40 s —18.3. 0.3 —15.5 
B dGo 4-9 9 54 s —14.2 0.3 —I15.9 
8148 A dF4 4.0 Jan. 30 10 32 s —15.3 0.4 = —I10.3 
8202 A dF6 5.8 1954 May 15 3 52 s +6.9 06 +4 
B dF7 5.9 459 s 7.12 1004, Ons 
8257 A (F5) (7.05) Mar. 14 - 7 08 nn +2 8 — 
B (Fs) (8.9) 9g 06 s + 4.7. 0.5 — 
8406 A dA8 5.8 Mar. 13 10 31 n +-7.6 1.4 “+.458 
B dF2 vies 8 33 s + 8.6 0.7 +12.3 
8505 A dF4 6.6 Mar. 16 6 00 s — 0.7 0.5 —I 
B dF5 7.0 714 s = 1540) 0.4) | One 
8519 B dF2 Ffoak 1953 Apr. I 728 n —19.I 0.8 —I5 
8561 A dF8 7.4 7954 Mar. 15 13 03 s — 2.0 0.7 —O.I 
B dG2 8.0 12 08 s — 2.5 | 0.8 “Spates 
8627 A dF6 6.0 1952 July 7 4 44 s —10.2 0.5 —II.1I 
8714 A (F2p) (8.0) 1954 Mar. 15 10 56 n +9 2 — 
B — = 8 58 s 43 — TO _— 
8786 A dF5 Wot Mar. 16 10 45 s —88.3 0.6 —9g2.2 
1957 Apr. 9 6 31 4 —90.7 0.7 
1958 Mar. 4 10 16 —9I1.2 0.5 
B dGo 7.6 1954 Mar. 16 g II s —89.2 0.7. —86.5 
1957 Jan. 18 12° 17 —90.0 0.4 
1958 Mar. 4 8 45 —90.4 0.6 
8883 A (G5) (7.35) 1954 May 20 415 s +27.9 0.6 — 
B (G5) (7.65) 4 46 s +278 0-7 Se 
9053 A dF7 6.5 May 19 4 40 n —13.9 1.5 —I9.0 
B dGi Heri 5 51 s —15.3. 0.4 —I19.4 
9174 AB Fo+A2 6.8 1953 June 3 3 48 n — 7.2 {1:0 = (833 
9375 B dF9 Tok 1954 May 18 4 56 s —19.5 1.0. —I9.9 
9413 A dGs5 Biseie ot . May 17 4 52 s + 2.8 04 + 3.9 
5 03 a Tin LOnS 
B dK5 6.8 4 04 n ap 3250 4Oe 7a tO 
9493 A Fo 7.1 1953 Mar. 27 8 44 n — 8.4 1.2 — 8.4 
Apr. I 9 45 = 12565 124 
9507 A Gotan en 3 1954 Mar. 14 12 Il s —33-2 0.5 —34.5 
B dG5 Fises II 06 s —37.2 0.6 —34.2 
9535 A dGs5 6.8 1953 Mar. 31 8 23 s —39.6 0.5 —36.7 
B dG6 7.6 9 30 s —39.8 0.7. —40.1 
9580 A dF5 6.7 1954 Mar. 13 13,15 s —38.4 0.7 —45.5 
May 17 5 46 —38.9 0.8 
B — — Mar. 13 12 02 s —35.2 0.5 — 
‘ May 17 6 49 —36.1 0.5 
9617 A dF9 5.0 May 21 412 s — 9.1 0.4 — 6.8 
: 4 42 — 8.0 0.6 
447 aa ie OOS 
B aa ee 14 35 s 5-9. 205 = 
AB 4 52 = 8.3 0.5 
45 — 7-5 0-4 
9728 A dF6 6.5 1952 July 7 5 50 s — 8.6 0.4 Ce) 
July 9 4 24 = 7-8) Od 
5 21 = 7271 On5 
July 10 4 45 — 7.3. 0.6 
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TABLE I (continued) 


Qual. Radial velocity 
Spectral of (km/sec) 
Star type Mag. Date UT lines S&Z Wilson Notes 
1953 Apr. 2 9 38 Gy opm 
Apr. 3 9 31 — NTO Ong 
June 3 459 tt. 4° 2056 
B dF6 6.6 1952 July 7 6 54 $ am 280) Oa a= sy. 
July 9 455 7 1e4 10-4 
July 10 4 19 7 O.9u 0.6 
5 10 ap kes) Ook} 
1953 Apr. 2 8 50 Tie int «160 
JN oy 3} 8 30 a2 22 COsd 
June - 3 4 48 — 0.2 0.4 
9969 A dKo 7.5 1954 Mar. 16 II 48 s 19.0 -0.6  -18cr 49 Ser 
B dK1 7.6 12 50 s +20.0 0.7 +20.8 
10157 A dGo 3.0 1953 Aug. 19 415 s —67.4 0.5 —69.9 ¢ Her 
4 34 — 67.8 0.6 
4 41 —68.8 0.4 
Aug. 22 3 42 —67.7 0.4 
4 22 =—68.4 0.3 
B — — Aug. 19 3 52 s =—73.0 “1.1 — 
Aug. 22 4 22 —7I.I 0.5 
4 53 —70.4 0.4 
10993 B gG3 a2 END Ean II 45 s 33208 0-005 (3150 95 Her 
' 11483 A dGo 6.8 1952 July 8 7 35 s -+-T0.4 91025 = 19/6 
July 9 9 42 aP Os Wak 
B dF8 Te July 8 8 36 s ar Oo, OEE aren! 
11639 A dAg 4.3 1953 Aug. 19 6 05 s +24.9 0.9 —26 & Lyr 
12145 A dG4 8.2 1952 July 9 8 38 s +22.2 0.6 +28 
1953 Aug. 20 5 12 mplieidte® | acs) 
BC dKo 8.7 1952 July 9 7 30 s +-26.1 0:5  --24.8 
1953 Aug. 20 4 00 25e2 On 
12169 A dG3 6.6 Aug. 20 7 07 s —40.5 1.5 —37.6 
Aug. 22 714 —40.9 0.9 
B dGs 6.8 Aug. 20 6 18 s —43-5 0.9 —4I.1 
Aug. 22 6 13 —42.4 0.7 
13868 A dF6 6.6 Aug. I9 8 33 s —12.6 0.5 —16.2 
B — — 7 II Ss —15.2 0.3 — 
14270 A dGog Fis5 1952 July Io 9 58 s —29.7 0.7 —25.6 
B dG8s 8.2 10 58 s —il.0.) On7) 0) = 20.1 
14279 A sgK1i 4.5 1954 June 17 II 02 s — 7.2 0.8 — 6.6 7 Del 
B dF6 5.5 June 18 II 00 s — 6.2 0.7 — 7.6 
14636 A dK6 5.6 1953 Aug. 19 1139 s —64.8 0.6 —64.3 61 Cyg 
Aug. 20 8 49 —64.2 1.1 
B dMo 6.3 Aug. 19 10 07 s —64.4 0.6 —63.5 
Aug. 20 8 04 —65.5 1.6 
15971 A dF2 4.4 Aug. 20 9 45 nn +2000 257 241.9 ¢ Aqr 
B dFr 4.6 10 52 n +31.8 1.7. +28.9 
16417 dGi 6.5 1952 Dec. 7 414 s — 20,0159 059). — 26215 
5 02 —22.8 I.4 
16611 A dFs5 8.3 1953 Aug. 22 0123 s —29.4 10.7. —31.8 
B dG2 9.7 955 s —29.4 1.2 —24 
16979 A A5 5.4 1952 July 9 Ir 38 nn +10 4 — 1.8 107 Aqr 
B — —_ July 8 ie 2H) n — 4.2 1.8 <= 
17149 A dGo 6.6 1953 Aug. 21 9 57 s = 7eae  O.45 s— 4.6 
Aug. 22 8 46 — 6.9 0.6 
B dGo 6.6 8 13 s — 8.4 0.6 — 7.7 
NOTES man’s velocity curve. Using the mass ae 
a Seen of = 0.39, given by Ber- 
S 3353 B  Spectroscop ¥ binary. Poor epectiogram. ee See 8B should be 
8119 A Spectroscopic binary. 5 A/mm dispersion. —72.6 km/sec ; our observed value is —71.5 
B_ Spectroscopic binary. 5 A/mm dispersion. km/sec. The spectrogram of A taken at 
8148 A 5 A/mm dispersion. 3:42 UT, Aug. 22, has a dispersion of 2.8 
8202 A 5 ae dispersion. A/mm. 
B_ 5 A/mm dispersion. ; 10993 B- 5 A/mm dispersion. 
8627 A Spectroscopic binary ; orbit jose Karr. nee A Spectroscopic binary; orbit Jordan. 
9413 BH omitted from mean radial velocity. 12145 Spectrograms taken on August 20 are of 


ic binary; orbit Chang (1929). 2 g 

Ret ie a agrees a et ae Aen Ue ae parks ound. re ilson 

Chang’s velocity curve. Radial velocity of 8 , presumably the same as Aitken’s 

B isclose to the y-velocity, perhaps slightly : 

contaminated by A. 14636 Spectrograms taken on August 20 are of 
9728 A Spectroscopic binary. poor quality, underexposed. 
10157 Spectroscopic binary ; orbit Berman (1941). 16147 Both spectrograms underexposed. 

Radial velocity of A agrees well with Ber- 16611 B_ Spectroscopic binary. 
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respectively, from The General Catalogue of Stellar 
Radial Velocities by R. E. Wilson. For stars not 
listed by Wilson the spectral types and magni- 
tudes from Aitken’s double star catalogue are 
given in parentheses whenever available. 

Three classifications from visual estimates are 
given for the quality of the absorption lines: 
s denotes sharp lines, n broad, nn very broad. 

The velocities measured by us are listed to- 
gether with the mean error for each spectrogram. 
No systematic corrections have been made, and 
the mean errors are only an indication of the 
internal consistency of measurements for each 
spectrogram, reflecting the quality of star lines 
and the quality of the spectrogram. The real 
accuracy of the radial velocities is probably con- 
siderably better than is indicated by the mean 
errors in the table. The latter are influenced to 
some extent by blends and inaccuracies of the 
adopted stellar wave length. The values v1 — vz 
should be especially accurate because in nearly 
all cases the two components of each double star 
were observed in immediate succession and with 
precisely the same adjustments of the spectro- 
graph. 

Table I also gives the radial velocities from 
Wilson’s catalogue. The differences between our 
measurements and the catalogue values were 
investigated, excluding all known spectroscopic 

. binaries and measured values of low weight. 
Means were used when more than one spectro- 
gram of each star had been measured. The mean 
difference vg&z — Vwilson = 0-0 km/sec. 

The last column of Table I gives the Greek 
letter or Flamsteed designation. 

The average difference |va — v| for all well- 
observed binaries, 29 in number, is 1.9 km/sec. 
Since the uncertainty of measurements given by 
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THE SHORT-PERIOD VARIABLE, SX PHOENICIS 


By FRANK BRADSHAW WOOD 


Flower and Cook Observatory, University of Pennsylvania, Philadelphia, Pa. 
Received A pril 16, 1959 


Abstract. Two- and three-color observations of SX Phoenicis are described, and the possible existence of occasioni| 


rapid fluctuations is noted. 


Jackson (1938, 1949) first called attention to 
the large proper motion of SX Phoenicis (HD > 


223065, CoD-42° 16457, CPD-42° 9607, GC 
32998). The variation of light was announced by 
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the mean plate errors is approximately +1.0 km 
sec, we estimate that the difference 1.9—1.0, ql 
about 1 km/sec, represents the average radi: 
component of the relative orbital motion of th) | 
pairs included in this study. An attempt to gro nts 
the values of |v, — vp| according to the observe} 
separations between the components correcte|) 
for their differences in distance from the su 
gave the following results: | 

“= - a 


Separation 

in a.u. Mean |va — ve 

0-250 2.3 km/sec 3. 4 km /oel 
pads ae “7 | 


Only main sequence stars have been included i ij 
this comparison and their absolute magnitude 
were taken from the H-R diagram as given bj 
Allen (1955). The observed separations well 
corrected by the factor (Labs./Iapp.)?, and thi 
angular separations converted to Astronondat 
units. There is perhaps a slight indication of } 
correlation between the separations and th 
values of |v4 — vp| or the root mean squat 
differences of velocity, but the amount of mate 
rial is not sufficient to regard this as establishec 

We express our thanks to Messrs. A. Weil an 
T. Henyey for many radial velocity measuré 
ments and reductions. A helpful suggestion b} 
the referee has been included in the discussie i) 
The spectrograms used in this investigation well) 
obtained by Struve as guest investigator at th] 
Mt. Wilson Observatory. 
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Eggen (1952). The star is an intrinsic variab! 
with period approximately 80 minutes and rang) 
of light variation which has been observed to b 
as small as 0.3 mag. or as large as 0.8 mag 
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“rom the trigonometric parallax and apparent 
nagnitude Eggen computed the absolute mag- 
uitude to be +4.3; this falls within the range of 
dossible values discussed by Jackson. The large 
>broper motion and the high galactic latitude 
(=71°) also indicate that the star is relatively 
jear and intrinsically faint. The fundamental 
bom have been given by Evans, Menzies, and 
Stoy (1957). Kuiper (1940) described the star 
is a “probable subdwarf’’ (A3); Joy (1947) 

tlassified the spectrum as sd A2s. Walraven 
ttos3, 1955) observed the star on 17 nights in 
one wavelength band and interpreted the light 
curve in terms of a beat-period phenomenon. 

» Wilson and Walker (1956) observed the sys- 
‘em spectroscopically and photoelectrically. On 
nly one night were the photometric observations 
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considered satisfactory ; the radial velocity curve 
did not show the large variations in range found 
in the light curve. 

The present study is based upon observations 
on three nights in 1957; on two of these the 
system was observed in three wavelength bands 
and on the other in two. The material is not 
sufficient in quantity to extend Walraven’s analy- 
sis, but it is useful for a description of the light 
variation in three colors at this epoch. In addi- 
tion to my own observations, I was able to study 
tracings made by A. H. Hogg and K. Gottlieb 
of the Mount Stromlo Observatory. These give 
an epoch of maximum of JD 243 5689.1181. 

The observations are listed in Table I. Mag- 
nitude difference is in the natural system of the 
photometer. The observations were made with 


k TABLE I. PHOTOELECTRIC OBSERVATION OF SX PHE 
Yellow 
| JD (hel) Comp. JD (hel) Comp. JD (hel) Comp. JD (hel) Comp. JD (hel) Comp. 
2436+ —Var. 2430+ —Var. 2430+ —Var. 2436+ —Var. 2436+ —Var. 
158. 9507 +1™401 175.9631 +1™664 176.0149 +I1™5II 183.9798 +1™407 184.0198 +1™372 
| -9548 1.335 -9637 1.679 -O195 1.704 .9898 1.988 - 0306 1.346 
.9651 1.393 -9697 1.708 .0202 1.724 .9905 2.013 .0326 1.436 
-9675 1.418 -9782 1.599 -0244 1.863 -9991 1.736 -0393 1.649 
.9725 1.558 -9823 1.509 .0286 1.823 .0451 1.817 
.9823 1.763 . 9862 1.479 .0454 1.392 -0461 1.802 
- 9860 1.726 -9968 1.309 .0507 1.355 
| 0554 © 1.317 
| Blue 
158.9520 +1720 175-9658 +2™143 176.0068 -+1™700 183.9823 +1™871I 184.0010 +2032 
95509 ~—s«r «652 . 9664 2.152 .0098 1.799 -9831 1.911 .OO17 2.014 
 .95583.—s«1«. 628 -9709 2.113 -O109 1.819 - 9839 1.951 -0216 1.691 
| -95597. +~=+1.602 .9718 2.088 -0163 1.974 -9929 2.434 -0341 1.852 
-Q5611 1.645 -9735 25128 -0169 2.009 .9941 2.377 .0350 1.881 
-95625 1.632 -9802 1.982 .0221 2.225 -O417 2.066 
-95639 1.656 .9808 1.972 .0260 2.348 .0424 2.090 
-95653 ~=«11 .667 -9834 1.923 .0264 2.325 
-95667 1.674 .9890 1.820 .0310 2.182 
-95681 1.674 .9883 1.719 -0476 1.804 
-95694 1.656 -0521 1.752 
POS 70S. ul 032 .0564 1.713 
95722 1.658 0575 1.745 
195736 1.674 
-95750 1.683 
-9665 1.762 
-9696 1.812 
-9703, 1.836 
.9710 1.869 
-9738 1.952 
-9746 1.993 
-9841 2.212 
- 9902 2.043 
‘ Ultraviolet 
175-9682 +2274 176.0125 +2™ogI 183.9862 +2332 184.0032 +2063 
-9745 2.223 .0180 2.239 -9868 2.387 .0038 2.033 
-9761 2.205 .0187 2.256 -9874 2.436 .0274 1.919 
-9813 2.099 .0233 2e35 .9971 2.275 .0366 2.072 
-9849 2.073 -0273 2.397 
-9926 2.013 .0334 2.184 
0489 1.955 
.0534 1.892 
.0586 1.876 
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the 20-inch Catts reflector of the Mount Stromlo 
Observatory and an EMI type 5060 multiplier 
photocell. The mechanical and optical parts of 
the photometer were conventional. The ampli- 
fier was constructed by Dr. W. M. Protheroe; a 
description will soon be published. Although it 
combines both direct-recording and integrating 
features, the rapidity of the light changes was 
such that only the direct-recording features were 
used. Glass color filters were ultraviolet Jena 
UG 2, 2mm (Schott); blue GE 13, 2mm +BG 
12, Imm (Schott); and yellow, Chance OY 4. 
The relations between this color system and the 
U, B, V system will shortly be published by B. 
Westerlund. 

The comparison star was CoD-42° 16461, HD 
223107 (G5). Its magnitude and color changes 
were linear with sec z; there is no reason to sus- 
pect it of variability. 

The method of observing was to measure com- 
parison star and sky in three wavelength bands 
(on the first night in two) and to observe the 
variable in each of the three alternately. Obser- 
vations of the variable were then continued in 
alternate bands with frequent checks of the sky 
background. Normally, a measure in each band 
occupied one minute, but when rapid changes 
were occurring the star was occasionally followed 
continuously for as long as five minutes. After 
thus observing the variable for intervals which 
normally ran for twenty minutes the comparison 
star was again measured. In making the reduc- 
tions, the intensity of the comparison star was 
found by interpolation to the time of each obser- 
vation of the variable. When observation in one 
wavelength was carried on continuously for sev- 
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eral minutes or showed appreciable change durii 
the measure, the tracing was separated into two| 
or more equal time intervals and each of these| 
was reduced separately. » | 

Periods. Dr. Th. Walraven has compared the 
observations with the ephemeris previously given| 
by him (Walraven 1953); the results are show 
in Table II. The first three columns give the 
observed maxima, the moments of mean light 
on the ascending branch computed by formula! 
(2) in Walraven’s paper, and the difference be- 
tween these. The variation of the (O—C) was 
compared with that shown in Fig. 1 of his paper 
a satisfactory agreement is obtained if the curve 
there shown is shifted to the left by 0.1 of the 
phase ¥. The fourth column lists the computed 
phase using the observed maxima and Wal- 
raven’s formula (3). The values of A¢ in the fifth 
column are read from the curve using these 
phases corrected by 0.1. In the sixth column, 
these are reduced to days and in the seventh the 
residuals found by subtracting the sixth column 
from the third. 

Walraven points out that in these observations 
maximum occurs 040207 later than the ascending 
branches according to the 1952 observations, 
indicating the primary period has lengthened. 
By 1957 the beat phenomenon had shifted in 
phase so that the variations in phase and ampli- 
tude arrive about 0.1 beat-period earlier than in 
1952. Thus the beat-period has shortened and 
this suggests that the period, Po, has increased 
relatively more than the period P}. 

The light curve. The essential data of the light 
curve on each of the three nights are assembled 
in Table III. These were determined from study 


TABLE II. PHASE OBSERVATIONS 


“O-Cc 


Ad Ae o-Cc 


comp. phase days days 

-252 — .026 — .0014 0203 
+334 — .005 — .0003 0208 
-636 + .038 + .0021 0217 
-942 — .020 — .OOI1 0204 
+225 — .030 — .0016 0196 


TABLE III. AMPLITUDE OBSERVATIONS 


Max. obs. Asc. br. 
JD 2436+ comp days 
158.9819 - 9630 +.0189 
175-9674 -9469 + .0205 
176.0257 oo19 + .0238 
183.9910 9717 +..0193 
184.0447 0267 + .0180 
JD 
2436000 + Yellow 
158 044 (0743-0747) 
175-6 o0™40 (0™40-0™44) 
0@56 (056-060) 
183-4 0™70 (0™68-0"72) 


0750 (0™48-0"54) 
(P) as measured from preceding min. 
(F) as measured from following min. 


Blue 
o0™58 (o™58—0™64) 


Ultraviolet 


0745 (0745-0748) 


0™28 (0"27-—0"32) 
0™64 (0764-0768) . 


o™40 (0™39-0"44) (P) 
0™52 (o™52-0™56) (F) 


078 (0™75-0™79) 0™60 (0™55-0™64) 
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{ tracings, as well as plots of the listed observa- 
ions. Since it was not possible to observe simul- 
aneously in all colors, this method assumes that 
he maxima occur simultaneously in all colors. 
‘here is no evidence to the contrary but, because 
f the rapidity of the light changes, it would be 
ificult to detect any lag unless it reached at 
“ast two minutes (P)/40). 

By each of the ranges are figures giving the 
stimated minimum and maximum values per- 
1itted by the observations. The range of light 
ariation in blue was larger than in the yellow 
Ithough not always by the same amount. The 
ange in ultraviolet was the smallest of the three. 
n yellow and blue, the variation in range seems 
© be caused by fluctuations in the heights of 
laximum; minimum light (with possibly one 
xception) remains constant from cycle to cycle. 
n the ultraviolet, however, the brightness at 
linimum varied by as much as 0.12 mag. 

From the published observations of Wilson and 
Valker similar ranges were computed. The larger 
ange in yellow compared to ultraviolet is not 
hown in these observations. These were made 
t unavoidably large zenith distances, with sec 2 
anging up to 6.5. No comparison star was used 
cause the photometric observations were made 


imultaneously with the spectrographic ones. 


Secause of these factors, it is not possible to 
onclude definitely that the system behaves 
ifferently in this respect at different epochs, 
Ithough it seems likely that this is the case. 
‘he magnitudes at three minima reported by 
Vilson and Walker do not repeat precisely in 
he ultraviolet but do so in the longer wave- 
sngths within normal observational error; this 
grees with the evidence discussed in the pre- 
eding paragraph. 

It is difficult to derive a color curve in the, 
sual manner, because of the rapidity of the 
olor changes. The colors listed in Table IV were 
bserved on December 3, 1957 when the longest 
interrupted run was made. They were com- 
uted by interpolating the yellow and _ ultra- 
iolet observations to the times of the blue, using 
nly cases where inspection of the light curve 
ndicated the light changes were linear. In a few 
ases the observations were extrapolated to the 
ime of the blue if they fell within two minutes 
f it. The colors were then reduced to outside 
he atmosphere using coefficients determined from 
bservations of the companion star. Second-order 
ffects caused by color differences of comparison 
nd variable were ignored. The maximum zenith 
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TABLE IV. OBSERVED COLORS 

Phase B-Y UV-B Phase B-Y UV-B 
040551 +™667 —1.446 040495 +™670 —1.422 
-0035 4-.677 =1I.422 0547 +.708 —1.528 
-O131 =.642 —1.433 .0000 +.714 —I1.526 
.O160 +.657 —1.438 0050 +.642 —1.508 
70216, -+-.668)> —1.357 0219 +.624 —1.389 
.0489 +.662 —1.404 .0264 +.690 —I1.362 


distance for which colors were computed was 48°. 
The phases in Table III are from the preceding 
maximum. A plot of B—Y against UV-B was 
made to search for evidence of a loop-wise pro- 
gression with phase such as found by Hardie and 
Geilker (1958) in RR Lyrae and by Tifft and 
Smith (1958) in T Sextantis. Color changes from 
cycle to cycle make it impossible to confirm the 
existence of such a loop on the basis of the present 
evidence. 

Finally, Figure 1 reproduces a portion of the 
recordings taken on the first night of observation. 
The tracing showing the fluctuation in the’ blue 
intensity between 85540 and 85678 Stromlo 
time is difficult to interpret. The natural sus- 
picion is to blame this on varying transparency 
in the earth’s atmosphere. However, fluctuations 
caused by poor sky usually (although not always) 
give more erratic traces than this; moreover, 
when changes of this amplitude are seen on the 
tracings, it has been my experience that careful 


Ve 9/198 


= 
Ww 9/18.5 


9/168 


Vg 9/13.6 


9/18 
9/107 Vy 


+ vp 9/092 


—F c, 9/03 
—= «,, 9/00 


a 8/568 
Vg 8/54.0 


ae. 
Vy 8/525 


8/50.6 
Va 8/49.2 


8/475 
Vy 8/46.4 


Cy 8/42 


—— cy 8/39 


Figure 1. Possible fluctuations in SX Phe, blue light. 
The fluctuations between 8/54.0 and 8/56.8 are difficult 
to interpret. In the blue observation following the last 
shown, the pen was pinned at the top of the chart ; reduced 
gain was needed to make the measure. 
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inspection of the sky shows signs of trouble ; such I am indebted to Drs. Th. Walraven and H. J 
was not the case. The star was carefully centered Smith for criticism of the first draft typescript 
in the diaphragm at the beginning of the obser- and to Drs. A. R. Hogg and B. Westerlund f 
vation and was still centered at the end; no sending information concerning the equipmen 
trouble with the telescope drive occurred during I am especially grateful to the staff at Moun! 
the night. Nevertheless, it must be granted that Stromlo for yielding telescope time and for effi 
in the case of a normal star, such a tracing prob- cient aid in installing the photometer and ii 
ably would not even be reduced. It is shown here keeping the telescope in operation. The worl 
partly because the changes are at the same rate was made possible by the combination of a sab 
as those shown 20 minutes later when the light batical leave and a Fulbright award. The elec 
was increasing most rapidly. It may be pertinent tronic parts of the photometer were construc 
to note that the star averaged 0.1 mag. fainter by Dr. W. M. Protheroe with the aid of a special 
at this time than at the other minima in this research grant~from the University of Penni 
color. Certainly further observations should pay — sylvania. , 
particular attention to the star at this part of the P| 
curve. In the listed observations, the tracing was REFERENCES ; )| 
subdivided into time intervals of 0.2 minute and _Eggen, O. J. 1952, Pub. A. S. P. 64, 31,3 305. N 
the relative difference of magnitude was com- gave: vat S., Menzies, A., and Stoy, R. H. 1957, M. 
puted for each. Hardie, H. and Bee ae D. 1958, Ap. J. 127, 606. 
As in so many cases, the chief conclusion is Jackson, J. 193 98, 506 
that further observations are needed. It is im- Jo. Fees yes nee a Africa 8,29, 
portant to observe in the ultraviolet, as well as Kuiper, G. P. 1940, Ap. J. 91, 269. 
in other colors; simultaneous observation with  Tifft, W. G. and Smith, H. i. . 1958, Ap. J. 127, 591. 
° Walraven, Th. 1953, B. A. N. 12, 57. 
two or more telescopes would be particularly 


. 1955, tbid., p. 223. 
helpful. Wilson, 0.'C. and Walker, M. F. 1956, Ap. J. 124, 325. 


SOME PERIODIC ORBITS IN THE RESTRICTED PROBLEM OF 
THREE BODIES AND THEIR’STABILITIES 


By P. J. MESSAGE 


Yale Observatory, Yale University, New Haven, Conn.* 
Received March 17, 1959 


Abstract. Periodic orbits in the restricted problem of three bodies near the exterior case of 2:1 commensurability © 
period have been found by step-by-step numerical integration, using the IBM 650 computer at the Yale Universit 
Computing Center. Periodic orbits with eccentricities up to 0.4 have been traced on the two series of symmetric orbit 
and also on one of the series of asymmetrié orbits, and on one series of symmetric orbits members were traced wit! 
eccentricities up to 0.9. For the orbits of all but the largest eccentricities the coordinates are exhibited as Fourier series 
The ordinary stabilities of a selection of the orbits of eccentricities up to 0.1 were investigated using a method derivin: 
from Brown’s method for the determination of the motion of the lunar perigee. The symmetric orbits of small eccen 
tricity prove to be stable, those of larger eccentricity unstable, and the asymmetric orbits investigated are stable, ther 
being an exchange of stability at the point’of bifurcation, , 


In a paper (Message 1958) presented to the have been studied by many writers (Poincar 
Symposium on Celestial Mechanics held in New 1892; Darwin 1898, 1909, 1912; Hill 1902 
York in March 1958 I described how an investi- Schwarzschild 1903; van Veen 1927). I also de 
gation based on the secular and critical terms of scribed the beginning of a project to illustrat 
the disturbing function in cases of near-commen- these periodic orbits and investigate their prop 
surability of period led to the conclusion that erties further by tracing examples by step-by 
there are, in certain of the exterior cases of com- | step numerical integration, using the IBM 65 
mensurability, periodic solutions of the restricted ‘computer of the Yale University Computin; 
problem of three bodies which are asymmetric, ~~ * Now at Gonville and Caius College, Cambridge, Eng 
as well as those which are symmetric and which land. . 
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enter. The aim of the present paper is to de- 
ibe some periodic orbits which have been 
‘aced, belonging to three series of orbits in the 
»:1 exterior commensurability case, two consist- 
ig of symmetric orbits and the third of asym- 
letric; and to investigate the stability of a 
‘lection of these orbits. 

In the restricted problem of three bodies as 
‘sually defined, the system considered consists 
fa central body S of mass M, a body J of mass 
{m' moving about S in a circular orbit of radius 
', and a body P of negligible mass moving in 
ie field of both. The system is referred to rec- 
ingular axes with origin O at the center of mass 
{Sand J, the axes rotating about the normal 
»» the orbit plane of J with angular velocity n’, 
“je angular velocity of J in its orbit, so that the 
xis OX may be chosen so that S and J are both 
lways on it, their coordinates being {—a’m'/ 
+ m’),0,0} and {a’/(1 + m’),0, 0}, respec- 
ively. The coordinates (x, y, 2) of P are governed 
y the equations of motion 


? dt rg? 1 +m’ 
q um’ a’ 
| a eal ye =) 
iby , ax " a pm () 
ear ar ice aaa Ge 2 
i ee pm’z 
| dt? rg ry? 


a’ 2 
nia (2-2) +98 


+ being the constant of gravitation. The orbits 
raced all lie in the orbit plane of J, and so 2 is 
lways zero. The first two equations were inte- 
rated by the central difference method described 
1 the previous paper. 

A periodic orbit, in the sense usual in this con- 
ext, is one in which the perturbations in the 
rbital elements are periodic functions of the 
ime, the period (T, say) being equal to the 
ynodic period of P and J. Since the coordinates 
f P are referred to a frame rotating with J, they 
00 are periodic functions with this period. In 
he commensurability case at present under dis- 
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cussion the mean motions 2 and n’ of P and J, 
respectively, are related by 


2n — n'-= 6n, (2) 


where |o| is small compared to unity. Thus the 
orbit of P lies outside that of J, and in the 
rotating frame the mean motion of P is retro- 
grade. Consequently near conjunction of P with 
J the coordinate y will pass from positive to 
negative values. The integration of each orbit 
was begun at the point where the mean longi- 
tudes } and 2’ of P and J, respectively, are 
equal. The data supplied to the computer in- 
cluded the osculating values of the eccentricity 
(éo) and the ratio of the semi-major axes of the 
orbits of P and J (ao/a’), the initial value of the 
mean anomaly (Ay — wo), and the size of the step 
of integration. The value of the mass ratio m’ 
employed was 0.000 954 927, as used by K. 
Schwarzschild (1903) for the mass of Jupiter. 
The program was designed to stop the integra- 
tion a few steps after y began to take negative 
values for the second time. Interpolation by 
Neville’s process (1934) was carried out to find 
the values of x, dx/dt, dy/dt, and )’ corresponding 
to the point in the orbit where y regains its 
initial value. If the orbit is precisely periodic x, 
dx/dt, and dy/dt also will have returned to their 
initial values. A search process of trial integra- 
tions followed by interpolation of residuals was 
carried out to find sets of data leading to orbits 
in which x/a’, y/o’, (dx/dt)/a’n'’ and (dy/dt)/a'n' 
simultaneously return to their original values to 
within five decimal places. The symmetric orbits 
meet the axis y = 0 at right angles at the end of 
each half period, and so the search for an orbit 
of this type only requires the integration of the 
first half of the orbit, periodic orbits being identi- 
fied by this property. The accuracy of the inte- 
gration was checked by evaluating the constant 
k in Jacobi’s integral 


GNC dy \° Rav Aye s 
a Gy) rie xe 


2u 2um' 
rs ry 


using the coordinates and velocities at different 
points on the orbit, and the step of integration was 
chosen to maintain k constant to six significant 
figures throughout the integration, some of the 
orbits with large eccentricities being integrated 
in more than one stage with different sized steps. 
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The investigation of the secular and critical 
terms near this commensurability, which consid- 
ered eccentricities up to 0.15, showed the exis- 
tence of four series of periodic orbits, two of them 
of symmetric orbits and two of asymmetric. In 
all of them the critical argument 


§6=2\—\ -o 


is constant, apart from terms of short period. 
In one of the series of symmetric orbits this con- 
stant value of @ is 0, in the other it is 7, and there 
is a member of each of these two series corre- 
sponding to each value of the mean eccentricity. 
The relation between a/a’ and the mean eccen- 
tricity on each series derived from these terms 
was used to give approximate osculating values 
of a/a’ for each osculating value (eo) of the 
eccentricity at conjunction, from which the search 
process was begun. For higher values of é@) on 
each series the search was commenced with values 
of a/a’ extrapolated from those found for smaller 
€y. Members of the series § = 7 were traced with 
eo ranging from 0.0125 to 0.90. Some of these 
are shown in the accompanying diagrams, points 
corresponding to equally spaced instants of time 
being represented by filled circles. On the orbits 
with é) = 0.40 and larger the angular velocity, 
relative to a fixed frame, at pericenter is greater 
than v’, and so relative to the rotating frame P 
-has a direct motion, so that in this frame the 
- orbit has a loop, which is larger for greater values 
of the eccentricity. (In the orbit with ¢9 = 0.40, 
alternate points on the loop have been omitted 
from the diagram for clarity.) Members of the 
series 6 = O were traced with e ranging from 
0.0125 to 0.40, some of them being shown on 
the accompanying diagrams, points on these 
orbits being represented by crosses. (In the orbit 
with e¢) = 0.40, two out of every three points on 
the loop are omitted for clarity.) 

The two series of asymmetric orbits branch 
from the series 0 = 7 at ¢ = 0.0367; on one 
series @ is smaller for larger values ‘of e, and on 
the other it is larger, the two values of 6 for a 
given e having the sum 27. From this last prop- 
erty it can be seen by considering the expressions 
for the coordinates as Fourier series in the two 
arguments @ and \ — )’ that each of the two 
asymmetric orbits corresponding to a given value 
of e is the mirror image of the other in the line 
y = 0, and so only one of these series was inves- 
tigated. Members were found for values of eo 
between 0.0375 and 0.40, some of them being 
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‘stants of time in periodic orbits are indicated: by fil 
.circles for symmetric orbits of the series 9 = x, by cross 
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shown on the diagrams, points being indicat 
by open circles. (In the orbit with é = 0.4 
alternate points on the loop have been omitt 
for clarity.) Tables I to II give, for all the orbit 

traced, the osculating values at conjunction of 
€o, and a/a’, the period, 7, in terms of that of J 
the quantity o measuring the closeness of th 
commensurability of period, and Jacobi's con 
stant R. = 
Since the coordinates and velocities relative t 
the rotating frame are periodic functions of tim 
with period T, they may be expressed as Fourie 
oe } ( 


L 


Figure 1. Points corresponding to equally spaced 


for symmetric orbits of the series @ = 0, 


g t by open cirel 
for asymmetric orbits. 


———— Ty 
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Figure 1. (continued) 
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TABLE I. SERIES 6 = 7 


€0 ao/a’ LL. o k/n”a’2 ; 
TABLE II. SERIES 0 = O 
0.0125 1.603293 1.980954 —O0.019416 —3.15410 
0.025 1.597200 1.992249 —0.007812 —3.15098 eo ao/a’ Thy ste o 
0.0375 1.595056 1.996395 —0.003618 —3-14903 9.0125 1.567251 2.049331 0.047012 
0.05 1.593950 1.998587 —0.001415 —3-14709 ae ever ort pete 
0.10 1.592730 2.001266 0.001265 —3.13667 0.05 1.582210 2.018634 0.018293 
0-15 1.592520 2.001747 0.001744 ~ = 3+ 12029 = o..16 1.582021 2.016625 0.016354 
0.20 1.592458 2.001722 0.001719 —3-09749 0.20 1.571565 2.027216 0.026495 
0.25 1.592386 2.001541 0.001539 —3-0680I 0.30 1.572116 2.100643 0.091440 
0.30 1.592267 2.001290 0.001289 —3.03158 0.40 1.781873 2.122834 0.109396 
0.40 1.591878 2.000843 0.000842 —2.93651 
0.50 1.591337 2.000425 0.000425 —2.80853 > 
0.60 1.590694 2.000054 0.000054 —2.64144 
0.70 1.590002. 1.999918 —0.000082 —2.42443 
0.80 1.589334 1.999713  —0.000287 —2.13627 
0.90 1.588691 1.999857 —0.000143. —1.72233 ra 
TABLE III, ASYMMETRIC SERIES 
€0 ao/a’ By fs o k/n’2a’2 60/20 
0.0375 T.§95500 1.995546 — 0.004474 —3.14923 0.4250 
0.05 1.595583 1.995517 —0.004503 — 3.14787 0.3578 
0.10 1.595884 1.995702 —0.004317 — 3.13843 0.2790 
0.15 1.596251 1.995968 —0.004051 —3.12259 0.2461 
0.20 1.596523 1.99634 —0.00368 —3.10018 0.2243 
0.25 1.596600 1.99681 —0.00320 —3.07101 0.2074 
0.30 1.596398 1.99732 ; —0.00268 — 3.03479 0.1953 
0.40 1.595265 1.99851 —0.00149 —2.93994 0.1813 
TABLE IV. ORBITS WITH 0 = 1; REPRESENTATION OF X AND y BY x = Za; cos ju; y = Db; sin ju 
i} aj bj aj bj Qj 
€o9 = 0.0125 €0 = 0.025 €o = 0.0375 
9 —0.01126 —0.02130 —0.031361 é 
I +1.59773 —1.59771 +1.59149 —1.59085 +1.589103 = He 
2 +0 .03455 —0.03456 +0.06455 —0.06457 +0.094620 
z +0.00103, —0.00102 +0.001II —0O.OOIII +0.001238 
‘4 +0.00021 —0.00021 +0.0002I —0.0002I +0.000202 
5 +0 .00007 — 0.00007 -++0.00007 — 0.00007 -++o.000067 
6 +0.00003 —0.00003 -++0.00003, —0.00003 -+0.000026 
of +0.00001 —0.00001 +0.00001 —0.0000I +0.00001 I 
8 : +0 .000005 
9 +0 .000003 
10 +0.000001 
* € = 0.05 é9 = 0.10 éo = 0.75 
to) —0.04141 —0.08108 —0.119671 
I +1.58770 —1.58466 +1.58468 —1.57234 +1.581610 
Ps +0.12469 —On12483) > +0.24442 —0.24553 +0. 363032 
3 +0.00142 —0.00I141 , +0.00286 —0.00274 +0.005519 
4 +0.00019 —0.00019 +0.00009 —0.00010 —0.000144 
5 +0.00006 — 0.00006 +0 .00006 —0.00005 +0.000070 
6 +0.00002 — 0.00002 -++0.00002 —0.00002 -+-0.000013 
7 +0.00001 — 0.00001 +0.00001 —0.00001 +o .000008 
8 ae -++0.000003 
9 +0.000002 
10 +0.000001 
éo = 0.20 €o = 0.25 €9 = 0.30 
fo) —0.156754 —0.191935 ; —0.22482 
I +1.577374 —1.530065 +1.571465 —1.499623 +1. 56344 
2 +0.480251 —0.488704 +0.595881  —o0.611805 +0.70980 
3 +0.009597:. —0.007933 +0.015327  —O.OII445 -+0.02296 
4 —0.000619 +0.000273 —0.001498  -+0.000496 —0.00299 
5 +0.000137  —0.000061 +0.000320 —0.000050 +0.00072 
6 —0.000004 —0.0000I3 —0.000054  +0.000021 —0.00018 
7 +0.000009 —0.000005 +0.00002I -+0.000000 +0 .00006 
8 +0.000002 —0.000003 —0.000002  —0.000004. —0.00002 
9 +0.000001 — 0.000001 +0.000002 +0.00001 
10 +0.000001 —0.000001 
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TABLE Iv (Continued) 
aj bj aj bj 
€09 = 0.40 é0 = 0.50 
—0.28224 —0.32616 
+1.53895 —1.37501 +1.4993I1 —1.26871 
+0.93261 —0.98902 +1.14980 —I1.24640 
+0.04504 —0.02371 +0.07748 —0.03301 


—0.00877 +0.00021 —0.0199I —0.00182 
+0.00282 -+0.00076 +0.00804 +0.00304 
—0.00105 —0.00050 —0.00375 —0.00206 
' +0.00043 +0.00025 +0.00190 +0.00123 
: —0.00018 —0.00012 —0.00100 —0.00072 
+0.00008 +0.00006 +0.00054 +0.00041 
—0.00004 —0.00003 —0.00030 —0.00024 
+0.00002 +0.0000I1 +0.00017 +0.00014 
—0.0000I —0.00001 —0.0001I0 —0.00008 
+0.00006 -+0.00004 
—0.00004 —0.00002 
-+-0.00004. 
eo = 0.60 é0 = 0.70 
| —0.3539 —0.3630 
+1.4388 —1.1481 +1.3505 —I1.0161 
+1.3643 —1.5058 +1.5804 —1.7631 
| +0.121I0 —0.0453 +0.1755 —0.0659 
—0.0378 —0.0052 —0.0624 —0.0076 
j +0.0180 -+0.0075 +0.0334 +0.013I 
) —0.0099 —0.0057 —0.0206 —0O.OII3 
+0.0058 -+0.0039 +0.0136 +0.0087 
} —0.0036  —0.0026 —0.0093 —0.0066 
} +0.0022 -+0.0017 +0.0066 -+0.0050 
} —0.0014 —0O.00I2 —0.0048 —0.0037 
+0.0009 -+0.0008 +0.0035 +0.0028 
| —0.0006 —0.0005 —0.0026 —O0.002I 
j +0.0004 -+0.0004 +0.0020 +0.0016 
| —0.0003 —0.0002 —0.0015 —0O.O00I2 
i +0.0002 -+0.0002 +0.0012 -+0.0009 
) —0.000I  —O.OOOI —0.0009 —0.0007 
if +0.000I -+0.0001 +0.0007  -+0.0005 
U —0.0001 —0.0006 —0.0003 
) +0.0001 +0.0005 -+0.0002 
) —0.0005 —0O.O00I 
+0.0005 
| 
‘ries with argument 
27 
(tL 0), 


there to is the time of conjunction, so that w is 
ae uniform part of \’ — X. A program was de- 
‘ised to carry out Fourier analysis of these quan- 
ties, which, reading the values at successive 
teps of integration from the output cards from 
ne integration of the equations of motion, deter- 
ained the values of x, ys dx/dt and dy/dt at N 
qually spaced values of win the rangeo< u < 27, 
y interpolation using Neville’s process. The 
‘ourier analysis was then carried out on those 
lalues. NV was given the value 30 for most of the 
irbits analyzed and 20 for those with the smaller 
alues of eo. The Fourier series found for the 
oordinates are given in Tables IV to VI. 
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The stability of the orbits. In order to investi- 
gate the ordinary linear stability of a selection 
of the orbits obtained by numerical integration, 
an appropriate form of Hill’s equation was de- 
rived, as follows. The equations of motion in the 


plane z = 0 may be written, from Eq (1) in the 
form 
ax ,dy oa 
dt? ae | acs Ox 
d’y ,ax — dQ (5) 
dt? PGS ps ap dy’ 
where 


Hi pm : 
Seger poet, Pe) 
Ts. Ty, 


and Jacobi’s integral is then 


G+ G)-2r6  o 


where C is constant. If x = xo(t), y = yo(t) is a 
known periodic solution of these equations, con- 
sider a solution x = x9 + Ax, y = yo + Ay, where 
Ax and Ay are supposed initially small. Then, 
neglecting squares and products of these small 
quantities, the Eqs. (5) give 


@ d 
op (8) — 20! 5 (Ay) 
(22) a (2), 
eax) ga Di) ee 
7 
a d 
ap (4) + 2n' G (Ax) 


= (seas) 
~ \ dxdy 


oO ” 


(2) 


where the suffix applied to a function means 
that it is sheer for x = x0, y = yo, and 
z= 0. From Jacobi’s integral, taking AC = 0 
(which does not lose generality since the solution 
xo, Yo may be chosen appropriately from the 
series), 


dxo d dyo d 
qe gO) + a ay A? 
dx. __, dyo 
ae Be) ax 
d*yo , Xo 
eee. 2) ay. (8) 
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TABLE V. ORBITS WITH 6 = 0; REPRESENTATION OF x AND y BY x = Za; cos ju; y = 2b; sin ju 


aj 


.02810 
- 58923 
.08485 
-OO113, 
.00021 
- 00007 
.00003, 
.00001 
. 00001 


.01662 
57665 
-04956 
-00094 
.00020 
. 00005 
. 00002 
. OOOO! 


.02081 
- 53675 
.07045 
-00642 
.00008 
.00003, 
.OOOUI 
. 00001 


.0702 
.4800 
-2430 
.O132 
.0005 
.0002 
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éo9 = 0.0125 


.00958 
. 56246 
.02731 
-00149 
.00031 
. 00010 
- 00004 
. 00002 
. OOOOI 


€0 


.08091 
.57678 
-23995 
-00433 
.00052 
.OOO16 
.00006 
- 00003 
.OOOOI 
- OOOO! 


+o. 
+o. 
=o. 
+o. 
+0: 


bj 


aj 


eo = 0.025 

-01963 

-57323 —tI. 
.05722 On 
-O00157 —0. 
-00031 =—0. 
. 00010 —0. 
.00004, On 
- 00002 =O. 
- OOOOI —0. 
.OOOOI 

€9 = 0.20 

- 16365 

- 56404 —1. 
-48925 --o 
-O1521 =O. 
.00185 —0. 
.00048 =O; 
-OO0017 —0. 
. 00007 On 
.00003 —o. 
- 00002 —0. 
. OOOOI =0. 


b; 


57289 
05719 
00158 
00031 
Coleroy Ko) 
00004 
00002 
OOOO! 


51419 | 


-49801 


01357 
00153 
00041 
ooo16 
00007 
00003 
00002 
OOOO! 


TABLE VI. ASYMMETRIC SERIES 


x = Daj cosju + 2b; sinju 


aj 


-01326 
.OO016 


—1.56268 
+0.02727 
—0.00150 
—0.0003I 
—0.00010 
—0.00004 
— 0.00002 
—0.0000I 
= 0.10 
—1.56499 
+0.24090 
—0.00425 
—0.00052 
—0.00016 
—0.00006 
—0.00003 
—0.00001 
—0.00001 
é€9 = 0.0375 
bj 
+o 
00156 +o 
04007 +0 
00030 +o 
00002 +o 
Oooo! +o 
éo9 = 0.10 
{0} 
00686 +o 
23244 +o 
OOrl3 +0 
OOOI7 +o 
00004. +0 
00002 +o 
OOOO! +0 
éo0 = 0.20 
‘ (0) 
OO113 +o 
47081 +0 
00126 —oO 
00053 +0 
00007 +o 
00002 +o 
OOOO! +0 
€0 = 0.30 
(0) 
0218 +o 
6778 +0 
0072 —o 
OOI2 +o 
0000 +o 
OOOoL +o 


’ 


.04012 
.00030 
.00002 
. OOOO! 


.07636 
.00216 
-23158 
.00120 
.00018 
- 00004 
. 00002 
). OOOO! 


- 15086 
.01358 
- 46366 
.00208 
.00076 
- 00012 
. 00001 
.OOO0I 


- 2091 
.0368 
. 6639 
-O141 
.OOIO 
.0006 
-OOOT 


b;’ 


- 58828 
.08486 
-OO113 
.00020 
- 00007 
- 00003 
.OOOOI 
. OOOOI 


- 58741 
.04896 
-OOIOI 
.00020 
- 00005 
. 00002 
. OOOO 


- 57989 
.06720 
.00769 
.00028 
.00007 


5565 
.2222 
.O150 
.0026 
.OOOI 
.OOOI 


y = 2a;’ cosju + 2b,’ sinju 


aj 


.02654 
- 58761 


. 08010 
-00085 


-0002T 


- 00006 
. 00002 
. 00001 


.00027 
-55931 


.00190 


.00349 
-OOOIO 


.00004 


04548 


- 51018 


-15412 
. 00960 


.00029 
. 00004 
. 00002 


-OOOOI 


- 18177 
.02409 §—I. 
- 56627 % +0.1439 
-00696 § +0.0IL 
-O0105 3.0. 
-00029 { —0.0 
.00001 & 
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jut Now 
d. d 
Gr = Vcosys, a = Vsiny, (9) (S) eee ANS re we 
02? Jo rs® Jo ry? Jo 

ad 
pb = Axcosy + Aysiny ay +(e ai ~ ws nye) 

q = — Axsiny + Aysiny. (10) a 
. , and so, putting 
hen p and q are respectively the tangential and 
ormal displacements from the periodic orbit. dy , dxX9 
liminating Ax and Ay in favor of p and g in woY de + 2n capa 
qs. (7), using (8), gives SeSihase 

2 ata Ve eh dy \? 
| ae) a(n Bae PV. i) f= nr +a E+ oS) cy GUA 
ad 
: ine = (n — n'}0(u), say. (14) 

G+ i0-q=0, (12) . , 
Then Hill’s equation (12) becomes 

here 
Dee (4) = (22) a 1 + O(u)-4 =o. (12') 
yee” Chote ON di yen Maen ue 


tae ae 
andy ey COoY ae i y. 


q. (12) is Hill’s equation. Now in the case of 
hose orbits for which we have the coordinates 
3 Fourier series, their higher derivatives with 
‘spect to the time are more readily obtained 
lan are the partial derivatives of 9. Differen- 
ating Eq. (5) with respect to the time we see 
jat 


bo OI _ ee) 
pe 7? ae > \ oxt o at dydx Jo dt 
(13) 
ee) (2) 
Fg dt? \ dxdy Jo dt Oy? Jo dt ’ 
ad since 
| ao a2 Ho _, 
| ees es. 
e have 
dy dy \? (3) 
(a = 12 ) Apes pee ——— 
ect ae H 4 (4) + x az? Jo’ 
here 
dxo ax dyo d>yo 
eee de dt de,” 


Darwin (1909) showed that any solution of (12’) 
was necessarily of the form 


gq = A-exp (1cu)-Qi(u) 

+ B-exp (—tcu)-Qo(u), (15) 
where Q;(u) and Q2(u) are periodic functions of 
period 27, A and B are disposable constants, and 
¢ is a constant which depends on the function 
@(u). If c¢ is real, g, and therefore, from (11), 
also p, contain only sine and cosine terms in u 
and therefore |p| and |g| remain small if ini- 
tially so, and the periodic orbit is stable in the 
ordinary sense, while if c is complex, real expo- 
nential functions of w appear in p and g as fac- 
tors, so that in this case the periodic orbit is 
unstable. 

Treating the orbit as of fixed eccentricity e, 
I find to the first order in e and o 


O(u) = 1 + 20 + 12e cos O-cos 4u. 


For most of the orbits || is considerably smaller 
than e, and so the constant term in © differs 
from unity by a quantity less than the coefficient 
of cos 4, in general. For this reason the method 
given by Brown (1936) for the determination of 
c cannot be used without modification since some 
of the quantities involved in the successive ap- 
proximations contain the very small divisor o. 
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Since © in our orbits is not a cosine series in even 
multiples of « Baker’s (1915) solution is not 
applicable. © is a function of xo and yo and their 
derivatives, and these are functions of uw with 
period 27, so we may write 


Ow) =1+4%+2 . {a,cosru + b, sin ru} 


r=l 


=1+H+E (@- 


r=1 


+ (a, + 1b,) exp (—iru)} 


1b,) exp (zru) 


1+ > 0,exp (iru), say. 


7r=—0 


(16) 


The quantities |6,|, except for 40, are found in 
general to diminish with increasing |7|. 
Consider the case of the solution (15) in which 
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the rth order of small quantities, and solving tl 


q= 3 q,exp {i(7, + Cw, 


T=—0 


so that, on equating coefficients in (12’), 
Uuqdr = — > (Firs a O55Gra) 
s=1 


(r = 0, #1, +2, ---) (1 


where u, = I + 6) — (r + c)*. Brown solved the 
equations by successive approximation. But | 
our case 69 is small, so that since c also proves 
be small u,; and w_1 are small and we lose acct 
racy if we divide-by them. Regarding |6,| as 


equations (17), except those with 7 =I ai 
ry = —I, by successive approximation up to 
sixth order in qo, g2 and q-2, to the fourth in g; | 
and q_3, and to the third in g4 and q-4 I fine 


B = o. It may be written writing v7, = I/u,, 


Jo = — VoL qilO-1 — V20sO_-2 + (VoV-2 + VoV2 + V2V3)O_1028_2 — (v_2 + 3)00_3 — V2°0301°0_18_» 
+ 090301703 + -++} + g-1{01 — 0-26_102 ae (Yov_2 + Vo2 + V_2_3)010_262 
— (v2 + 0_3)0_-283 — V_270_ 300-1782 + v_v_30_1°03 + ---} | 
G2 vol gi {Ox =) (8 += U3)0_102 + V2V30_107? + (ove + v4 + 0304)01029_2 — vs9_203 
— V2V30401°8_» + +++} + g_i{ = 006102 + vov_28_100? + 63 — v_28104 + ++} ] Be 
g—2 = — Vol gil — V0b—10_2 + 209,02? + 63 — vo 04t+---} +¢-1{0-1 = (vo + ¥_3)610_2 ” a 
7 + V__ 30101? + (vov_2 + V_od_4 + V_30_4)0_ 1020-2 — v_4020_3 — v_ov_30_ 10-190) + ---} J (i 
Gs = — UsLgi{O2 — v2.2 — (Yo + 04)0_103 + (vov2 + vov3 + v4 + V304)010_ 105 
— (v2 + v4)0203050_1 + +++} + q_-if — 200183 + 02709102 — 020.03 + 64 +--+} 
gs = — v-slqi{ — 910-3 + v90-201°0_» — v_2_10_s + 6-4 + +++} + G-1{0-2 = (to + 0 4)O0as 
— V1 + (YV_-2 + V_gd_3 + V_g_4 + V_gV_4)010_10_2 — V_2v_3(¥_2 + v_4)0\0_8 + ---}] 
G4 = — V4gilOs — (V2 + 03)0:2 + 9903033} 
g—4 = — v_ag_{0_3 — (v_g + v_3)01--2 + v_v_36_,*}. 


The equations (17) with 7 = 1 andy = — 1 are then, to sixth order, 


Rs ee Nea (Pa Nal ere pa pees Te) E 
ng-it {1+ Ai — (€+1)2}q =0, ( ; 
where / 4 
— (+ vw »)6:0- + v_2(vo + ¥_-3)0_1782 + v_2(v9 + v_3)0,°0_» — v_o°v_301°0_12 — v_3000_» 
a eee + V9'V2 + 2UpV_oV_3 + UoV_o? + V_o’v_4 + 20_ov_gu_, + v_qv_2 + 0_3°04)9,0_ 1000» 
HF V_V_3(VoV_2 + V_20_4 + V_20_3 + V_g0_4)010_1°O2 + (vov2 + VoV_-3 + V_20-4 + V_30_4)0_10_003 
a V_V_3(Uo ti v_4)0_ 1°03 oP (v_o_4 + vov_3 + ¥egv_4 + YoV2)01020_3 i (v2 ae V_4)030_3, 
v_1 = 0-2 — Wob_y? + (v2 + ¥_2)0:0_10_-2 — (v_2 + 03)0.0-2 — UpUQV_29170_2® — v9(YoV2 + vyV_2 
HF V3 + V_W_3)O_1°020_2 + (Yov2 + vpV_2 + v3 + YoV_3 + VeV3 + V_W_3)O_1020_3 
HF 0902038176170» — VoV3 (Vo + V2)O4 120-103 + V2(v_2 +-03)01°0_-4 — (v3 + ¥-3)620_1. 


> 
L 


| by replacing v, by v_,, and 6, by 6_,, and the 
pression for 7; is obtained from that for y_; in 
2 same way. If gi and g-1 are not both zero, 
fat is to say if the solution is not to be identi- 
ly zero, we must have 


| 


i1+).1- (c — 1)? Vy aAG 
v1 eeest(c + 1)2|- 
7) 
fat is to say 

B= (4 +A + Ane? + 201 — A_-i)e 

| + AyA-1 — Viv_1 = O. 


| 

| 
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le expression for \; is obtained from that for 
e 
t 
| 


(20) 


Jom this equation c may be determined by suc- 
‘ssive approximation, beginning by calculating 
te u, with c = o. This was done for a selection 
« the orbits with smaller eccentricities, and the 
inctions © and the values of c determined from 
vem are given in Table VII. 


TABLE VII. THE FUNCTION @(u) AND VALUES OF ¢ 


Symmetric orbits: @(u) = ZA; cos ju 
4= 
f é9 = 0.0125 0.05 0.10 

le) 1.101 1.065 1.163 

I +0.140 +0 .606 +1.296 

a2 —0.029 +0.079 +0.463 

3 =, 021 —0.OII +0.125 

4 —0.014 —0.018 +0.017 

5 —0.009 —0.013 —0.O0II 

6 —0.006 —0.009 —0.015 

7 —0.004 —0.006 —0.012 

8 —0.003 —0.005 —0.009 

9 —0.001 —0.003 

¢ 0.0470 0.0257 0.0707 

's 

é€0 = 0.0125 0.0375 0.05 0.10 
te) 0.969 1.011 1.039 1.143 
I —0.171 —0.479 —0.638 —1.331 
2 —0.012 +0.055 +0. 108 +0.546 
3 —0.009 —0.018 —0.032 —0.205 
4 —0.006 —0.004 +0.005.- +0.070 
5 —0.005 —0.004 —0.026 
c 0.0171 0.000 0.018% 0.019i 
| Asymmetric orbits: @ = DA; cosju + ZB; sin ju \ 
6o/2m = 0.3578 0.2790 

i} eu = 0.05 0.10 
ij Aj Bj Aj B; 
ie) 1.022 1.077 
ibe —0.409 —0.469 —0.273 —I.I7I 
2 —0.038 +0.121 —0.444 +0.197 
3 =+-0.011 ~—0O.OFI —0.079 +0.164 
4 —0.010 —0.002 +0.087  —0.016 
15 —0.003 —0.000 +0.014 —0.070 
16 —0.002 —O0.OOI —0.051 —0.013 
7 —0.001 +0.015 +0.006 
8 —0.00I +0.010 

c 0.015 0-062 
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Both the symmetric orbits with e¢) = 0.0125 
are stable, the symmetric orbits of both series 
with é) = 0.05 and with ey = 0.10 are unstable, 
and the asymmetric orbits with e9 = 0.05 and 
€) = 0.10 are stable. The symmetric orbit with 
69 = Oand €) = 0.0375 has a value of c too close 
to zero to be determined from the data available. 

For orbits of larger eccentricity the successive 
terms in the Fourier series for © do not diminish 
rapidly and this method becomes lengthy. Dar- 
win (1909) gave a method for the determination 
of c using the numerical integration of two par- 
ticular solutions of Hill’s equation. If g = ¢(u) 
and g = w(u) are two solutions such that 


¢(0) = 1, ¢'(0) =0, 
v0) =0, (0) = 1, 


then by a simple extension of Darwin’s treat- 
ment to include cases where ©(z) is not an even 
function I find that 


cos 2c = 3{¢(m)W'(—7) + 6(—7)b'(z) 
— $'(n)¥(—m) — o'(—m)¥(m)}. (21) 


This method was applied to the asymmetric orbit 
with @) = 0.05. © was determined for values of 
u at 10° intervals in the range 0°< u < 360° 
and the solutions @ and w were found numeri- 
cally. The quantity ¢y’ — ¢’y is independent of 
u and provides a check on the calculations. The 
values of ¢, ¥, ¢’ and y’ found for u = —180°, 
0° and 180° are given in Table VIII. Hence 
¢ = 0.011, in fair agreement with the previous 
result. For the orbits with e9 = 0.10, however, 
it was found easier to obtain results of any accu- 
racy by the previous method than by this one. 


TABLE VIII. CHECK ON THE CALCULATION OF THE 
ASYMMETRIC ORBITS WITH @9 = 0.05 


u ¢ ¢" v Vv oy’ —¥¢’ 
—nr —0.7566 —0.2239 0.5659 —1.1548 +1.0004 
fo) I .0000 0.0000 0.0000 1.0000 -+1.0000 
r —0.6189 —0.3598 0.6764 —I1.2230 -+1.0002 


The ordinary stability of these orbits may also 
be investigated by the use of the secular and 
critical terms of the disturbing function. Such 
an investigation, considering orbits of eccentrici- 
ties up to 0.10, leads to the conclusion that those 
orbits of both symmetrical series are stable which 
have small eccentricities, those on the series 
6 = o being unstable which have a mean eccen- 
tricity greater than 0.0316, those on the series 
6 = m being unstable which have a mean value 
of e greater than 0.0367, the value at the point 
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of bifurcation with the asymmetric series, and 
the orbits of the latter series are stable. Thus 
there is an exchange of stability at the point of 
bifurcation. The present work is in good agree- 
ment with these results. 

The investigation was carried out at the Yale 
University Observatory, and was supported fi- 
nancially with funds provided from a contract 
with the Office of Naval Research. 

It is a pleasure to record my indebtedness to 
Professor Brouwer for suggesting this investiga- 
tion, for putting the facilities at my disposal 
which enabled me to carry it out and for much 
valuable guidance in the course of it, and also 
to Dr. G. A. Wilkins and Dr. M. S. Davis for 


many helpful and stimulating discussions. 
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Abstract. Measures on photographs taken with the 24-inch Sproul refractor over the interval 1949 to 1959 viel 
+370 + ‘o1o (p.e.) for the relative parallax. The double star measurements are well represented by an orbit wit 


period 200 years and semi-axis major 5” 


57, appreciably larger dimensions than estimated earlier. The sum of the ma 


Is .079©, confirming Luyten’s deduction that these are the visual binary components of smallest known Ae 


individual masses are taken as .044© and .0350. 


Introduction. L726-8, 1" 34™0, — 18° 28’ (1900) 
is a visual binary with photovisual: magnitudes 
12.45 and 12.95 (Luyten 1949) and spectrum 
dMs5.5e for each of the components (Joy and 
Humason 1949). This star of large proper motion 
(3731 in 80°5) was discovered by Luyten and its 
duplicity noted shortly thereafter. The rapid 
orbital motion observed during the first few years 
after the star’s discovery led to estimates of 
orbits with semi-axes major and periods ranging 
from 1°7, 32 years (Luyten 1950) to 2"3, 57 years 
(Luyten 1954). Provisional determinations of 
the parallax by Steward, Yerkes, and Sproul 
Observatories yielded trespectively the values 
+ 56 + 107, + 74r = “04, and 4+ "37 404 
(van de Kamp and Lippincott 1950). Wagman 
(1956) has derived a provisional value of +333 
+ ‘o19. Assuming extreme values of 04 and 
o”3 for the parallax, lower and upper limits of 
0.06© and 0.20© were found for the combined 
mass (Luyten 1954). A new Yerkes value for the 
parallax +7381 + "oto appeared to narrow down 
the permissible range for the total mass, for 


which, using Protitch’s (1955) orbit, 0.0790 wa 
found (Luyten 1956). Thus the components 0 
L726-8 appeared to have only half the mail 
Ross 614B, whose mass, as an unseen companion 
was first estimated at 0.08© (Lippincott 1951 
van de Kamp 1954b), which value was confirt 
later when the star was first seen (Lippinco 
1955a, 1955b). For Ross 614B the parallax wai 
known with high accuracy (+7251 + "003) ant 
could hardly affect the calculated mass, the onks 
uncertainty arising from error in the measuret 
separation (1'19) with the 200-inch reflect 
An upward correction to 174, which is perha 
the extreme permissible, would result in a valu 
of .10© for the mass of Ross 614B. The state 
ment in 1955 that Ross 614B was the star 
smallest known mass was based on the compare 
tively adequate accuracy of the contributing 
parameters: parallax, period, and semi-axis a 
jor, which for L726-8 had a fairly wide range o 
permissible error at that time. q 

Parallax. The procedure described in previou 
Sproul papers has been followed (van de Kam 
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TABLE I. OBSERVING DATA, MEASURED POSITIONS AND RESIDUALS 
H.A. No. of x Ve Vz Vy 
min. pl. exp. Obs. le, P5 unit .0oor mm unit .ooor mm Dp 
=e ie) a Bi — .563 — .561 —9 6214 —20798 +105) 24 ne 
32 2 4 Dt + .891 +.144 4723 0516 +101 —83 AG} 
—10 tee ed Co —.494 —.563 4626 0457 — 29 +32 ae 
Till 3h 4 Co —.656 —.550 4562 0498 + 5 —22 I 
30 1) erty St 720) — .535 4520 0487 ae By iG) 5 
+35 4 8 Co —.816 —.491 —9 4529 —2 0438 — 12 413 I 
+28 4 4 COR O44 470 4491 0434 ae Wh Sey) I 
== 2 eae Co =.872 ‘=. A4t 4436 0423 + 50 +11 2 
+ 6 Zyl Fr +.618 —.148 I29I —I 9902 — 27 —16 5 
=p ©) oes A Fl 4330 eee 273 1246 9926 al 22 5 
07, ik Fl +.404 —.290 —9 1166 —I1 9881 + 65 +21 2 
(0) 2054 Fr 6300) =. 315 1265 9928 — 39 —25 5 
1-37, 2a Fl +2330  ~“—.338 1220 9866 = 125 AT 5 
=1(0) 2A: Fr +$.315 —.338 1256 9870 — 357-36 5 
= 9 2a. Fl +.269 —.361 1204 9903 ae 1 Se & I 
a) 2a? Co —.860 —.457 —QIIII =1 9861 — 82) ea 55 
to) 2k: Fr ee fA2 - —-.O4T —8 9573 9582 — Ir + 1 I 
eA! 2oar4: Fr +.572 =o lisa 9551 9613 = 2G 12 at) 
+10 21.3 Fr eG L9 teas BGS 9546 9689 = 50, = 73 “5 
53 2 2 Pr 75h) e524 9392 9568 aay SPs 25 5 
ae 2 A gh Fr Sal Sia SOA. —8 9352 —19555 =) 20) 1-30 I 
— 2 24 Fr — .810 —.495 9310 9591 + 10 —I0 I 
+29 LEP) WS 6/793) Jp 505 7579 927 ORT Aes {oO 2 
ie) aes Fr — .861 — .454 7538 9253 =f LOn a} 24) I 
+24 Pree Wy —.906 —.38T1 7516 Q211 oO +43 fi 
-7402 Sep. 28 +4 Bs an Wy +.342 —.325 —85992 —I 9043 + 31 —I0 I 
ByA3E. scepre2on 3-32 Te et L +.326 —.333 6054 9102 — 33 —66 5 
.8740 Nov.I5 — 5 Qe a2 Fr —.419 —.560 5892 8991 + 48 +49 5 
.9860 Dec. 26 +26 Daal Wy -—.854 —.461 5842 8981 — Ir + 8 I 
55-7805 Oct. 12 +10 Oo} fl k + .113, -—.430 4273 8757 — 9 =4 I 
39636 Dec. 18 +30 24 Wy  —.797 —.503 —8 4130 —1 8704 —- 5 +9 I 
56.6488 <Aug.25 — 3 oe Tk Po +.761 —.021 2605 8397 = 32. 22 5 
6515 Aug. 26 —35 Tee Po ae Su = O38 T 2686 8417 Se ap 5 
B5262 Oct 25: — 8 2 4: Fr —.155 —.516 2489 8426 + 15 +39 I 
57.6590 <Aug.29 —3]I 2 A Fr +.726 —.057 0863 8158 aye LG ei 5 
58.6611 Aug. 30 + 3 4 4 Fr +i7l7 —.064 —79124 —I 7848 + 30 = 3 I 
.9506 Dec. 13 +17 2A Wy -—.756 —.522 goog 7896 — 7O —47 as 
59.0079 Jan. 3 +19 2—8 Fr —.892 —.4II 8848 7830 + 18 —18 2 


Bi = Leendert Binnendijk, Co = A. Wayne Conger, Dt 


= Daniel F. Detwiler, Fl = Robert Fleischer, Fr = Lau- 


ice W. Frederick, k = Peter van de Kamp, L = Sarah Lee Lippincott, Po = William Poole, Jr., St = Alden Steven- 


n, Wy = Arne A. Wyller. 


id Lippincott 1949). The material consists of 
8 exposures on 75 plates taken on 38 nights, 
presenting total weight 26.5, and includes ma- 
rial used in the provisional parallax determi- 
ition. A summary of the material is contained 
Table I. The regular exposure time was 12 
inutes. The plates were measured by the author 
1 the Gaertner machine. 
Table II gives information about the reference 
ars as well as the dependences for 1950.0 and 


their annual changes. The positions of the stand- 
ard frame and of L726-8 hold for the approxi- 


TABLE II. REFERENCE STARS 


Dep. 
No. Diam. mpv Xs Me 1950 AD/yr. 
I -072,.12.8 —44.67 28.32 -407  —.OOI2I 
2 -III 11.9 + 1.42 +19.29 .404 —.OO0I59 
3 -I102 12.1 +43.25 + 9.03 .189 +.00280 


L726-8A .087 12.45 — 9.43 — 2.05 
B .066 12.95 
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mate epoch 1950. Due to the unfavorable ob- 
serving conditions and the close separation of the 
components, the binary as a rule appears as a 
blended image which has been measured. On the 
nights of 1955 October 12 and 1956 October 28 
the components are almost separated, and the 
images were measured both as a blend and as a 
separated double star. The position of the blend 
was represented formally as a weighted mean 
position of the components, i.e., it could be con- 
sidered the photocenter of the components for a 
light ratio of 0.60 to 0.40 or a magnitude differ- 
ence of 0.5, close to the observed photovisual 
magnitude difference of the components. 

On the plates taken on 1958 August 30 and 
1959 January 3, the components are clearly sepa- 
rated and yield the following relative positions: 


Epoch 6 p 
1958.66 38°2 (2"o1) 
59-01 34-9 (1.84) 


The position angles may be trusted but the sepa- 
rations are probably in need of a correction of 
about +4, judging from earlier experience with 
Kriiger 60 (van de Kamp 1937). Assuming the 
above light ratio, the measured positions of the 
components on these nights were reduced to a 
weighted mean ‘“‘photocenter’’ to be included in 
the parallax solution. 

The majority of plates are of fair quality only, 
principally due to the fuzzy quality of the expo- 
sures obtained at this low declination; hence the 
large number of nights with fractional weights. 
Although the faint component of L726-8, UV 
Ceti, is a well-known flare star, there is no evi- 
dence of flares on any of the photographs in the 
present parallax series. 

The nightly means were represented by the 
following equations of conditions: , 


X = Cr+ pet + 7Pa 
Wael) Ser ay. 


where the symbols have the usual meaning; / Is 
counted from 1960.000. A combined solution for 
both coordinates gives the following results, the 
scale factor being 1 mm = 18787. 


mm pe: weight 
Cx = —7-69724 
Cy = —1.74435 " Z 
pe = + .173343 = +372710 + 70023 220.54 | 
My = + .029027 = + .5477 + .0023 220.46 
r= + .019543 = + .3688 + .0098 11.93 
p-.e. I = + .001787 = + .0337 
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Figure 1. 


Ex 


L726-8: Position angles and distances; 
observed and computed. 


26-8 ee 


Opparent orbit 3 


| 
1 
| 


ee 


Figure 2. L72 


6-8: Apparent orbit, based on observatio 
covering the sector 1949-59. | 


August 


_ The residuals from this solution are given in 
Table I. The weighted mean residuals for normal 
places are given in Table III, together with their 


TABLE III. NORMAL PLACES OF RESIDUALS 


Uz 


Epoch zp Dn unit .ooor ae 
1949.87 4.6 8 20 =10 
51.76 4.2 8 —18 ap 3 
52.84 4.5 6 —2I =P 
54-49 5:2 7 29 +12 
56.70 5.0 ii = ae al 


mean epoch, total weight, and number of nights. 
The nights of 1958 August 30 and 1959 January 
3, for which the photocenter has been calculated 
from the measured positions of the components, 
are not included in this summary. The material 
is not sufficient to permit a determination of the 
mass ratio; it does not, however, indicate any 
striking disparity between the masses. f 

Orbital motion. Recent micrometer observa- 
tions, kindly furnished by Dr. Van Biesbroeck 
and from the Lick card catalogue by Dr. Jeffers, 
indicate a marked increase in separation, with a 
corresponding decrease in angular motion. These 
observations are no longer satisfied by the orbital 
dimensions given by Luyten (1954) nor by the 
provisional orbit of Protitch (1955). An attempt 
was thus made to compute a new orbit. 

The measuring difficulties of this faint object 
are mentioned by several observers (van den Bos 
1951; Van Biesbroeck 1954; Protitch 1955; Mar- 
kowitz 1956). Appreciable systematic errors are 
clearly present in the distance measures, both 
visual and photographic. It is only through the 
continuous series of observations by Van Bies- 
broeck that an analysis appears at all possible. 
_ The short arc covered by the observations 
obviously still permits only a provisional orbit 
calculation. No trouble was encountered with 
the position angles but considerable adjustment 
of the distances was required to satisfy the law 
areas. The adjusted smooth curves for @ and p 
Were analyzed by Russell’s (1917, 1933) elegant 

id effective method.* Various trials indicate 
a although the observations could be repre- 
sented by a parabolic orbit, the best represen- 
tion at this stage is reached by an orbit with 
riod 200 years, eccentricity 0.7 and periastron 
age 1948.1. With these dynamical elements, 
e Thiele-Innes constants were obtained from 
the yearly points read from the empirical curves 


*There is an error in formula (4) in Russell’s article 
(1933). Instead of 1/2 bX read bX. 
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for 0 and p; the calculated curves show only 
slight and permissible deviations from the em- 
pirical curves. The resulting elements are sum- 
marized as follows: 


P = 200 years 

e= Oo. 7 

T = 1948.1 

B= +4°542 Oe Vays 

A = —3.055 ay 1 = 136°7 

G= +2.869 Q = 112°5 

PS ee ORY w@ = 344°5 

Ephemeris 

Epoch 6 p 

1960.0 28°9 2738 
61.0 24.2 2.50 
62.0 19.8 2.62 
63.0 15-7 2.75 
64.0 12.0 2.88 
65.0 Se7 3.01 


The position angles of all observations are satis- 
factorily represented by this orbit, while the 
distances of visual observers, other than Van 
Biesbroeck, generally are too small by appre- 
ciable amounts up to 0”5. The same holds for 
the photographic measures (Figures I and 2), 

It appears to be a stroke of good luck that the 
observations started about periastron, the first 
decade of observations obviously being critical, 
showing considerable curvature. The next few 
decades can add only little toward an improved 
orbit. The star is going to be an easy object for 
some time to come; the present orbit indicates a 
maximum separation of over 9’’ near apastron! 

Dynamical winter pretation; mass-luminosity rela- 
tion. The present parallax determination, +"369 
+ "o10, agrees closely with Strand’s value of 
+380 + “o11 (Luyten 1956). Assuming an ab- 
solute parallax of "38, the sum of the masses is 
0.079©—exactly the same value as Luyten’s, 
although quite different orbital elements were 
used. This coincidence is explained by the use 
of the same parallax and the observations having 
been made close to the positions of the node, so 
that the curvatures represented by different or- 
bits do not appreciably differ (Russell 1917). 
With the present accuracy of the parallax, and 
the well determined curvature of the orbit over 
the past decade, it is not likely that there will be 
a substantial change in the calculated sum of the 
masses in the near future. 

L726-8 furnishes a substantial extension of 
the fainter end of the mass-luminosity relation 
beyond Krii 60 and Ross 614. The mass-lumi- 
nosity relation for M-dwarfs is virtually linear, 
the bolometric magnitude decreasing 0.5 for a 


TABLE IV. MASSES AND LUMINOSITIES OF DWARF-M COMPONENTS OF VISUAL BINARIES 
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Apparent 
visual 
Name magnitude Spectrum 
Fu 46 A 10.01 M4 
B 10.39 M4 
Krii6o0 A 9.82 dM4 
B DIES 7 dM6 
o Eri Cc II.10 Ms5e 
Ross 614 A 11.34 dM6+ 
B 14.8 
L726-8 A 12.45 dM5.5e 
B 12.95 dM5.5e 


decrease of 0.1 in the logarithm of the mass (van 
de Kamp 1954a, 1958). There seems to be little 
objection to adopting this ratio for the compo- 
nents of L726-8; on the basis of their magnitude 
difference 0.5, their mass ratio would then be 
1.26 and the individual masses Ma = 0.0440, 
Mg = 0. 0350. 

The best available data for mass and lumi- 
nosity of M-dwarfs are collected in Table IV. 
For stars other than L726-8, the observing data 
have been derived from an earlier tabulation by 
the author (van de Kamp 1958), making use of 
certain new data given by Limber (1958). The 
bolometric magnitudes for Krii 60 A, B are those 
given by Limber; for the other stars, the bolo- 
. metric corrections correspond to the spectral 


Ross 614 


ABS. BOL. MAG. 


“12 


=O (Oe a cahy “8 59) ae l07 0 =( 


3 4.4; AS 


LOG MASS 


Figure 3. Mass-luminosity relation for dwarf-M compo- 
nents of visual binaries; the mass-ratio for L726-8 has 
been assumed as 1.26. 
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Absolute Absolute 
visual bolometric 
magnitude magnitude Mass Log mass 
10.96 8.72 -310 = abt 
11.34 9.10 -25 — .60 
11.84 9.60 .272 — .57 
13.39 10.58 - 164 . ae 
12.62 10.10 2k — .68 
13.34 10.53 -14 — .85 
16.8 12.3 .08 —1.10 
15.35 12.68 .044 —1.36 i 
15.85 13.18 .035 —1.46 { 
| 


standards. For Ross 614B, whose spectral ty] 
is unknown, the bolometric correction (—4.} 
was based on the absolute magnitude (Limber 
Figure 3). The results for L726-8 appear to co} 
firm the general trend of the mass-luminosi| 
relation for M-dwarfs established thus far. 

The mass-luminosity relation for M-dwa 
plotted in Figure 3 shows a remarkably sm 
dispersion which may prove to be even smalli 
when improved values of the bolometric corre} 
tions become available. 


REFERENCES 


Joy, A. H. and Humason, M. L. 1949, Pub. A. S. P. 6 
133. 

Limber, D. N. 1958, Ap. J. 127, 353. 

Lippincott, S. L. 1951, A. J. 55, 236. 

. 1955a, Sky and Telescope 14, 364. 

——. 1955b, A. J. 60, 379. 

Luyten, W. J. 1949, Ap. J. 109, 532. 

——. 1950, Pub. A. S. P. 62, 274. 

—.. 1954, Ibid. 66, 337. 

1956, Ibid. 68, 258. 

ee Wm. 1956, Pub. U. S. Naval Obs. 17, pane 


Protitch, M. B. 1955, Bul. Obs. Astr. Beograd 10, No. | 


Risseall: FN. 19%7;,A2 J: 30) 13%. 

. 1933, M. N. 93, 599. 

Van Biesbroeck, G. 1954, Pub. Yerkes Obs. 8, part vis 

van de Kamp, P. 1937, A. J. 47, I 

. 1954a, Amer. Sct. 42, No. 4, 572. 

——. 1954b, A. J. 50, 447. i 

meer 1958, Handbuch der Physik (Berlin: Springer) 5 
187. i 

van de Kamp, P. and Lippincott, S. L. 1949, A. J. 55, 1) 

1950, Pub. A. S. P. 62, 47. | 

van den Bos, W. H. 1951, Union Obs. Cire. TIT, 23: 

Wagman, N. E. 1956, A. J. 61, 191. 


Smee NSTRONOMICAL JOURNAL 


241 


SIX VARIABLE STARS OF UNUSUAL TYPE IN SAGITTARIUS 


By DORRIT HOFFLEIT 
Maria Mitchell Observatory, Nantucket, Massachusetts 


Received May 29, 1959 


Abstract. The results of photographic observations on Harvard and Nantucket plates are given for six peculiar variables 
|in VSF 193. Three of them belong to the R Coronae Borealis class. As ten per cent of all the known variables of this 
| type have been found in VSF 193 (four stars) and twenty per cent in the whole of the constellation Sagittarius, a high 
{concentration toward the galactic center is inferred. One probable new flare star is announced. The other two objects 
are apparently semi-regular. A previous provisional period for GW Sgr has not been confirmed. 


In as rich and complex a star field as VSF 193 
‘in Sagittarius it might be expected that numer- 
‘ous variables of the unusual types would be 
‘discovered. Six, listed in Table I, are discussed 
‘here. Two of them were previously discovered 
| by Luyten (1927) and one by Miss Woods (1928) 
‘at Harvard; three, for which charts are given in 

Figure 1, are new discoveries heretofore reported 


| Figure 1. Environment of the new variables in Table I. 
Width of charts, 15’ arc. 


only in abstract (Hoffleit 1958a). Of the six 
variables, three are apparently examples of the 
“R Coronae Borealis type, one is probably a flare 
| star, while the other two have semi-regular varia- 
‘tions and may belong to the RV Tauri and RW 
-Aurigae types. They have all been examined on 
‘at least 200 plates of the Harvard A, B and MF 
‘series taken between 1924 and 1951 with the 
24-inch Bruce, 8-inch Bache and 10-inch Metcalf 
‘tefractors, respectively. All but the faintest have 
been examined on additional plates of the Har- 
-vard patrol series and on more recent photo- 
‘graphs taken with the 7.5-inch Cooke triplet at 

e Maria Mitchell Observatory. In Table I the 
column headed Obs. gives the approximate total 


nation 
Ser Discoverer R.A. (1900) Dec. Max. 
a Hoffleit 18515™208 —24°47'8 13-5 
GU Luyten 18 08 —24 18.2 is 
GW Luyten 19 16 —25 05.5 13.8 
b Hoffleit 31 37. —20 58.3 12.1 
c Hoffleit 32 44 —21 48.7 12.6 
MV Woods 38 34 —21 03.3 12.0 


number of photographs used and the initials of 
the persons making the magnitude estimates: 
A, Mrs. Jean Hales Andersen; F, Margo Friedel ; 
S, Leo Schneider; and H, myself. 

Observations of the first star in Table I are 
plotted in the top strip of Figure 2. Only two 
maxima are revealed, one represented by a single 
observation at magnitude 15.0 on J.D. 2424688, 
the other by 8 observations from J.D. 25475 to 
25830. At maximum, fluctuations of about one 
magnitude have been found. The star is prob- 
ably of the R Coronae Borealis type. 

GU Sgr was discovered in 1927 by Luyten who 
ascertained the type of variation and published 
the light curve for the years 1889 to 1926. The 
light curve from over 600 Harvard and Nan- 
tucket plates taken since 1924 is given in Figure 2. 
Three groups of minima are found, representing 
more complex behavior than had previously been 
noted. 

The third R Coronae Borealis type star, MV 
Sgr, had been found by Miss Woods (1928) but 
she published only the magnitude range from a 
few observations without noting the type of light 
variation. The recent observations, plotted in 
Figure 3, show two groups of minima. Because 
of his interest in R Coronae Borealis type stars, 
I called MV Sgr to the attention of Dr. George H. 
Herbig at Lick Observatory. He reports (private 
communication) that two spectrograms he ob- 
tained near maximum light indicate that the star 
has an extraordinary spectrum, probably an early 


TABLE I. SOME PECULIAR VARIABLES IN SAGITTARIUS 


Min. Sp: Obs. Type 

15.5 — 380 H R Cor Bor 

15.0 — 600 A, S R Cor Bor 

15.6 —— 250 F, H RV Tau? Per. 119 days 

Cau7 B? 550A RW Aur? Semi-regular 
periods of 5000? and 
200-400 days 

15. K5 700 A Flare 

15.6 BP 50 A, F R Cor Bor 
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Figure 2. Two stars of R Coronae Borealis type. Top strip, Variable a. The other strips represent GU Sgr between 
J.D. 2424000 and 2434000 and, inset, J.D. 2436000-36600. Markers indicate intervals of one magnitude and rooo days. | 


J.D. —2400000 of beginning of each strip noted at left. 


B-type, showing at low dispersion nothing but 
absorption lines of Ler. Herbig adds, ‘“‘The only 
other spectrum I know like this is Popper’s 
(1942; 1946; 1947) helium star, H.D. 124448, 
which has a counterpart found by Thackeray. 
But neither of those is known to be variable.” 
In view of the long duration at maximum of 
MV Sgr, it would not be surprising if the varia- 
bility of other similar stars had failed to be 
discovered. 

The 1958 edition of the General Catalogue of 
Variable Stars lists a total of 39 stars of the 
R Coronae Borealis type, six of them in Sagit- 
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tarius. Only one of the three listed in Table 1 
was previously recognized as belonging to this} 
class. Thus 8 in 41, or nearly twenty per cent of | 
the stars of this class, are concentrated in the | 
one constellation, Sagittarius; and of these four, | 
including V348 Sgr discussed earlier (Herbig | 
1958; Hoffleit 1958b), are in the 80 square-degree | 
area of VSF 193. There may well be a few others; | 
as yet, among the several hundred known and | 
‘more than 300 unpublished variables in this field, | 
only the stars of known large amplitude have | 
been adequately examined for the determination 
of types. 


959 August 


A star of exceptional interest and uncertainty 
s to type is GW Sgr, discovered by Luyten 
1927). On the basis of 140 magnitude estimates 
or the years prior to 1926, Luyten deduced that 
he star is usually at maximum and may be an 
clipsing variable of extraordinarily long period. 
le derived a provisional period of 732 days, 
Imost exactly two years, and recorded well- 
efined minima near J.D. 23622 and 24375. 
uuyten commented that the star could conceiv- 
bly be semi-regular or of the R Coronae Borealis 
ypes. Margo Friedel and I examined the star on 
bout 250 Harvard and Nantucket plates taken 
etween 1924 and 1958 but could not confirm 
he provisional published period. We found six 
itervals between minima indicating a period 
lose to or a submultiple of about 360 days. 
rom this material Miss Friedel derived a period 
f 179 days fitting the vast majority of our obser- 
ations. However, a night run of ten plates taken 
n July 30, 1951, J.D. 33858, showing the star 
t maximum light, fails precisely over the inter- 
al of computed minimum. | then found a mod- 
rately satisfactory period of 119 days fitting all 
f our observations, as shown in Figure 4. But 
either of the two periods satisfies the minimum 
bserved by Luyten on J.D. 23621-2, only a few 
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epochs prior to the date of our earliest observa- 
tion, J.D. 23908. The two computed periods are 
I I I 

179 1 365 ~~ 119) 274 
we may have simply a spurious period similarly 
related to the true period through the seasonal 
gaps in the observations. Probably the star is 
semi-regular, possibly of the RV Tauri type. 

In Figure 5 the observations of the fourth 
variable in Table I, star 6, show an apparent 
superposition of different cycles of variation. 
There are two major cycles of about 5000 days 
having an overall amplitude of nearly four mag- 
nitudes. At the same time, variations of the order 
of a magnitude or more occur in cycles of 200 to 
400 days. In this respect the star appears to 
resemble the peculiar long-period variable, V Hy- 
drae, which has an N-type spectrum. Dr. Herbig 
kindly offered also to observe this variable spec- 
troscopically. On July 20, 1958, he found its 
spectrum peculiar, ‘‘the continuum being like 
that of a hot star with H-beta emission. What 
little can be seen of the absorption spectrum 
looks a little like MV Sgr.’’ Thus it is more 
likely that the star belongs to the peculiar RW 
Aurigae than the long-period class. 


stroboscopically related ( 
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Figure 3. Observations of MV Sgr. Markers indicate intervals of one magnitude and 1000 days. 
At left, J.D. —2400000 of beginning of each strip. 
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Vig days 


Figure 4. The observations of GW Sgr since 1924 
fitted to a period of 119 days. 


Figure 5. Observations of Variable b. N ate that 
markers are at 2000- day intervals. 


Finally, star c appears to be a flare star. It 
was carefully examined by Mrs. Andersen on 
‘nearly 700 Harvard plates. Only the one maxi- 
mum has been found which occurred on the 
discovery plates. Fortunately the flare happened 
on a night when a series of five plates on the 
region was obtained, on August 21, 1928. Table 
II gives the magnitude estimates for that night. 


THE ASTRONOMICAET JOUKNAE 


Normally the star is between 14.5 and 15.0 
graphic magnitude. Dr. Herbig obtained its s 
trum on July 14, 1958, finding it to be K5 wit 
emission. At the time he estimated the n 
tude as about 16 visual. 


TABLE II. OBSERVATIONS OF THE FLARE OF VARIABL 


J.D Mpg 
2425480 .222 14.0 
253 14.2 

.285 13.6 

ahr 12.6 

-348 12.9 


discussed here, especially those by Mrs. A 
sen, was obtained about two years ago und 
grant from the National Science Founda 
Miss Friedel’s work as a student assistant at t 
Maria Mitchell Observatory in the summe 

1958 was supported by a grant from the 
Fund of the National Academy of Sciences. 
Schneider was a volunteer assistant. For all 
help it is a pleasure to express my appreciatioi 
To Dr. George H. Herbig of Lick Observa 
I am particularly indebted for his intere 
studying the spectra of our peculiar variab 
stars. : 
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